Documenta Ophthalmologica
Proceedings Series volume 26

Editor H.E.Henkes

Dr W.Junk bv Publishers The Hague—Boston—London 1981

Navigation Menu



http://www.perimetry.org/CD/start.htm

Fourth International Visual Field

Symposium
Bristol, April 13-16,1980

Edited by E. L. Greve and G. Verriest

Dr W.Junk bv Publishers The Hague —Boston—London 1981



Distributors

for the United States and Canada

Kluwer Boston, Inc.
190 Old Derby Street
Hingham, MA 02043
UsA

for all other countries

Kluwer Academic Publishers Group
Distribution Center

P.O. Box 322

3300 AH Dordrecht
The Netherlands

ISBN 90 6193 165 7 (this volume)
90 6193 882 1 (series)

Cover design: Max Velthuijs

Copyright © 1981 Dr W Junk by Publishers, The Hague.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval
system, or transmitted in any form or by any means, mechanical, photocopying,
recording, or otherwise, without the prior written permission of the publishers.

Dr W. Junk bv Publishers, P.O. Box 13713, 2501 ES The Hague, The Netherlands

PRINTED IN THE NETHERLANDS



INTRODUCTION

The 4th International Visual Field Symposium of the International Perimetric
Society, was held on the 13-16 April 1980 in Bristol, England, at the occasion
of the 6th Congress of the European Society of Ophthalmology. The main
themes of the symposium were comparison of classical perimetry with visual
evoked response, comparison of classical perimetry with special psychophysi-
cal methods, and optic nerve pathology. Understandably many papers dealt
with computer assisted perimetry. This rapidly developing subgroup of peri-
metry may radically change the future of our method of examination. New
instruments were introduced, new and exciting software was proposed and
the results of comparative investigations reported.

There have been many confusing statements in the literature on the
relative value of perimetry and the registration of visual evoked responses.
Several reports attempted to bring some clarity in this issue. There is reason
for further comparative research.

A number of papers dealt with special psychophysical methods, i.e.
methods not using the simply monocular differential threshold.

The old critical fusion frequency received new attention. Fundusperimetry
was used for testing spatial summation. Acuity perimetry, binocular perimetry
etc. showed that there exist many possibilities for examining visual function.

At present it is not clear to us what exactly the place of these methods is
in our diagnostic armament. However it is quite clear that some of them are
promising and may lead to a further differentiation of perimetric methods.

An excellent invited report on colour perimetry was given by Hedin and
Verriest. It demonstrated that this method has special merits and should be
used more often in selected cases. Several other papers supported this
concept.

New instruments and strategies that do not require computer assistance
were presented, most of them dealing with the detection phase of perimetry.

Foulds presented his expert experience on optic nerve disease in a clear
and informative invited lecture, which is warmly recommended to the reader.
The defects in optic nerve disease were examined by several authors using a
variety of test procedures, which may improve our detection rate. Apart from
the optic nerve diseases several other diseases were presented in various papers.
They concerned glaucoma, chiasmal lesions in pregnancy, cerebrovascular
accident and others.



A report on mass-screening was given which presented figures similar to
previous reports. Mass visual field screening is possible especially with com-
puter assisted perimeters and may yield approximately 2% visual field defects.

There has always been a need for scoring of visual fields. Two papers deal
with this subject. Esterman’s system has been used in the USA for some time.
The IPS will in the near future attack this urgent problem and hopefully
come up with a system that incorporates not only area but also intensity of
defects. Here, too, computer assistance may provide new possibilities.

Bristol and its surrounding countryside provided an excellent background
for this 4th symposium of the IPS. Vincent Marmion and his family in a joint
effort spent much time and energy in the local organization of the sym-
posium. Alan Friedmann and Ronald Pitts Crick assisted in the organization.
They can be proud of the result. Marmion’s excellent secretary, Mrs. Maureen
Pitman, and her colleague, Mrs. Joan Parker, were never visibly tired of organ-
izing every single detail. They deserve our admiration and gratitude. Without
them it would not have been the same.

As ever Mrs. Els Mutsaerts from the IPS secretariat in Amsterdam did
much of the ‘behind the curtain’ work. Not only did she assist in the compil-
ation of the scientific programme but also she played a major role in the
realization of the proceedings. It has become aimost a habit to thank Mr. Wil
Peters of Dr. W. Junk bv, Publishers. After this, our sixth joint effort, we are
still going strong!

THE EDITORS
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AUTOMATIC PERIMETER WITH GRAPHIC DISPLAY

HARUTAKE MATSUO, GEN KIKUCHI, SUSUMU HAMAZAKI,
JUNJI HAMAZAKI, EIJI SUZUKI & MAKOTO YAMADA

(Tokyo, Japan)

ABSTRACT

An improved type of automatic perimeter was devised based on the semi-automatic
campimeter reported by Hamazaki ef al. on the occasion of the 1978 symposium of the
IPS [3]. The new perimeter is easier to manipulate and the entire examination process is
computerized, with simultaneous T.V. monitor display and printout of the final result.
Stimulus intensity and examination patterns are readily changeable according to the pur-
pose of the examinations. Specific points of interest, arrangement of the stimulus points
and stimulus intensity are all easily altered using the typewriter keyboard. In addition
the perimeter is relatively cheap

INTRODUCTION

An improved version of a semi-automatic campimeter was developed. The
basic principle of the perimeter is the same as that of the former semi-auto-
matic campimeter [3], reported in 1978, and is composed of a personal
computer system combined with a television display. The versatile functions
of the new perimeter permits various applications with suitable program using.
Manipulation of the perimeter is simple and examinations short.

METHOD

1. The computerized automatic perimeter system is shown in Fig. 1.
[1] For patient
(1) CR T (Cathode Ray Tube) display
(2) Response button
(3) Button to proceed
[2] For examiner
(4) Personal computer
(5) Monitor T.V.
(6) Audio-cassette tape recorder
(7) Videoplotter
The procedure begins with input of the desired program, which is stored in a
tape recorder cassette, followed by input of biodata using the typewriter key-
board.

Doc. Ophthal. Proc Series, Vol. 26, ed. by E. L. Greve & G. Verriest 1
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Fig. 1. Automatic perimeter system: 1.CRT display; 2. Response button; 3. Button
to proceed; 4 Personal computer; 5. Monitor T.V.; 6. Audio-cassette tape recorder;
7. Videoplotter.

2. Examination conditions

[11 Central fixation point and stimulus time

The central fixation point is about 20 minutes in diameter. It is marked with
a 1.0cm round red filter, attached to the center of the screen and stands out
clearly from the stimulus points. The fixation point light flashes twice at an
interval of 0.5 seconds following which a mulitple-stimuli-pattern is displayed
on the screen for 0.3 seconds. The fixation point, stimulus points and the
beep from the computer are synchronized. Consequently the patient hears
different rhythms and intervals of beeping sounds which draws attention to
the fixation point and thus prevents unnecessary eye movements,

[2] Adaptation

The background luminance is adjusted by visual photometry to photopic
conditions of 0.16 cd/m? adaptation level. The patient adaptation time is five
minutes.

[3] Luminance

The size of one stimulus point is approximately nine minutes in diameter.
The luminance is divided into five steps: 0, 1, 2, 3, 4, from low to high.
Normal data determine lowest luminance threshold. The highest luminance
is provided by the highest voltage of the computer. The stimulus luminance is
increased gradually towards the periphery in order to maintain the plateau of
the threshold within an area of 25°. This was determined by the results of
studies of normal subjects. If the patient fails to recognize the highest lumi-
nance (4), ‘x’ is marked by the computer.



Standard

x
T

Fig. 2. Fifteen five stimulus points of standard program.

[4] Patterns

Fourteen types of multiple-stimuli-patterns are used. Each pattern has
three or four stimulus points. There are 51 stimulus points within the 25°
circle, and four more stimulus points are added to the 30° circle. Each of
these four is situated at a site of five degrees above and below the horizontal
meridian, in the hope of detection of nasal step (Fig. 2). The macula threshold
appears three degrees apart from the center on the right side, and the patient
is told to gaze at this point. Quick search of the lowest stimulus luminance
recognized by the patient shortens the examination time. Four stimulus
points are displayed on the central area, at a location of five degrees from the
center, and if the patient is able to discern at least one of them, the exami-
nation can proceed from that luminance level.

3. Proceeding and interpretation

Patterns from A to N are displayed on the screen consecutively. Arrangement
of the stimulus point is made as asymmetrical as possible on the same circle
line. The patient pushes response button in accordance with the number of
stimuli recognized, then pushes the proceed button for the next exami-
nation. On the examiner’s side, when the patient responds correctly, the same
examination is repeated for confirmation, then the next examination is per-
formed. If the patient fails to respond correctly, all possible loss-factor perm-
vtations are displayed. Based on data of this examination, the computer
calculates and judges which stimulus have been recognized on the basis of
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statistical probability. For example, if the patient answered three instead
four in a four-stimuli-pattern examination, the following procedures are auto-
matically carried out by the computer. Each stimulus point is represented by
a, b, ¢, d. If @’ point is not recognized by the subject, all possible permu-
tations with one point lacking are consecutively displayed on the screen. The
computer calculates the unrecognized site with false-unrecognized-stimuli.
In a case of a fourstimuli-pattern, first all the four stimulus points are exam-
ined, then the aforementioned all possible permutations are surveyed, thus all
stimulus points are examined four times evenly. After this, the computer
carries out statistical probability calculations on the basis of which the falsely
unrecognized point is judged. Simultaneously, a re-test is carried out by
examinations 1,2, 3,4 (Fig. 3). The judging standards are preprogrammed and
memorized by the computer, thus the decision of whether which stimulus
point is truly or falsely recognized or not is made out. After examination of
one luminance section examination of the next higher luminance section
is performed, avoiding already recognized patterns. If patient response is
unrefiable, the examination can be repeated at anytime. Examination time
for normal subjects, regardless of age, does not exceed five minutes per eye.
Final results are displayed on the monitor T.V. and is printed out simul-
taneously by the videoplotter.

4. Other programs

In addition to the aforementioned program, other programs based on the
principle of the Armaly-Drance technique are available.

[1] Examination on the circle 15° from the center

In order to check the Bjerrum area, 24 stimulus points are displayed on
the circle 15° from the center. The distance between each point is 15°. The
intensity of the luminance is the same as in the first program. Examination
time, even if the patient has visual field disturbances does not exceed seven
minutes.

[2] Testing of the meridian

Twenty four meridians from 0° to 345° at 15° intervals are set and 10
stimulus points are arranged along each meridian from the center to the 25°
site at 2.5° intervals, these make a total number of 240 stimulus points. If the
examiner wishes to examine one particular meridian, 10 stimulus points can
be displayed. Examination time is less than four minutes. The intensity of the
luminance of [1] and [2] is gradually raised to the maximum level auto-
matically. Other programs aim at screening of two circles, at sites 10° and 20°
from the center, with 24 stimulus points, using 1- and 4-luminance. This
method is useful to shorten the examination time, e.g. is hemianopsia screen-
ing.

5. Clinical case

A diagnosis of open angle glaucoma had been made in this 51 year-old Jap-
anese female 10 years ago. Fig. 4 shows the result of automatic perimeter

4
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Meridian examinations
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Fig. 5 Results of 13 meridian examinations (from 0° to 180°).

measurement. Both eyes were subjected to 13 meridian examinations, from
0° to 180° with a luminance of 0 to 4 (Fig. 5). The result of this examination
was compared with the results of Goldmann Perimeter, Friedmann Visual
Field Analyser, OCTOPUS, Perimetron and Tibinger Perimeter. The authors
reached the conclusion that the automatic perimeter is valuable for screening
purposes and also for quantitative measurement of visual changes.

DISCUSSION

Recently, various automatic perimeters have been developed for quantitative
measurement of the visual field, such as OCTOPUS, Perimetron, Autofield
and Fieldmaster among others. However, these instruments are rather expen-
sive, space consuming and complicated. There are also problems with sensi-
tively and permissible patient response time. In our automatic perimeter, in
order to maintain the fixation point, the beeping sound and fixation point
lamp are synchronized. The 0.3 seconds stimulating time is shorter than the
former semi-automatic campimeter which lasted 0.5 seconds. Subsequently,
the patient can easily observe the fixed point by means of the rhythms and
flashing lamp. Due to adaptation of the application of multiple stimuli pattern
method, the patient has to indicate the number of recognized points no time
limit and it is not necessary to mention the site of direction of recognized
stimuli. Consequently, the automatic perimeter is able to lessen errors in
recognition of stimulus points. Unless the ‘proceed’ button is pushed by the
patient, the procedure does not continue, so if the patient gets tired, he can
rest anytime at will.
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Results of a comparative Muuy of the Goldmann Perimeter and the auto-
matic perimeter revealed that the latter is suitable for daily clinical use. Also,
shortening of the examination time is important.

CONCLUSION

An automatic perimeter with CRT display and a personal computer system
was devised. The perimeter measures the visual field under stable conditions
regardless of examiners’ experience of the examiner, or the patient’s response.
As the system accepts a variety of programs, quantitative measurement of the
visual field is simplified, efficient and precise.
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STATISTICAL PROGRAM FOR THE ANAL
PERIMETRIC DATA

H. BEBIE & F. FANKHAUSER

(Berne, Switzerland)

ABSTRACT

Statistical test procedures may be used for determining whether the results of a static
perimetric examination differ significantly from normal visual field values, or for the
detection of significant trends in a series of such examinations. The advantages of such
statistical evaluations by means of the Octopus automatic perimeter host computer,
which has direct access to the visual field data bank, are described.

INTRODUCTION

The two main goals of clinical perimetric examinations are, on the one hand,
the differentiation between normal and pathological behaviour and on the
other, the determination of progression, regression or stationary behaviour
with respect to time.

In clinical practice, such decisions are based half on intuitive, half on
rational grounds. Decisions must be reached which may have far-reaching
consequences, even though these are very often based on insufficient data.
Such decisions are better made on statistical grounds, with the aid of a
computer, Data processing is, however, only compatible with time restrictions
imposed by clinical practice, when performed by a computer with adequate
capacity, which furthermore has immediate access to the perimetric exam-
ination results. In addition, an elaborate, goal-oriented statistical interpret-
ation program is a necessary prerequisite.

Such a program possesses the following advantages compared to the usual
clinical-intuitive decisions: (a) Stability and clear definition of criteria. (b)
Systematic use of all available data. (¢) Careful avoidance of overestimating
the importance of unusual data, which on a purely random basis are possibly
more frequent than is generally assumed. (d) Knowledge of the percentage of
cases in which the test is positive on the basis of random differences, even
though there is no progression in actual fact (false positives).

THE DELTA PROGRAM

At the time of writing, a test version of a statistical program for the auto-
matic perimeter Octopus has been developed [1]. The program makes use of
examination results stored on floppy discs and performs a series of statistical

Doc. Ophthal. Proc. Series, Vol. 26, ed by E. L Greve & G. Verriest 9
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tests upon this data. After a thorough evaluation of the data base, the pro-
gram decides whether or not this is sufficient for the assumption of (a)
deviation of an individual visual fieid from the norm, or {(b) a trend in a series
of examinations performed on different occasions. Furthermore, compressed
data, which are aimed at a reduced characterization of the visual field, are
produced. Statistical tests are, however, subject to the limits of each statistical
method whose goal is the separation of two overlapping populations (normal
vs. pathological). An increase in the sensitivity of detection of pathological
deviations (low level of significance) by necessity leads to contamination of
true deviations by random deviations (i.e. the specificity is lowered) and vice
versa.

An optimal adjustment of test criteria, which includes interfering factors
such as spatially synchronised long term fluctuations, ‘learning effects’ and
others, is possible only by means of a feedback process between the program
and a series of clinical evaluations. Such an evaluation has been performed
using Octopus program 31 by Gloor et al. [2, 3, 4] and Gloor & Schmied
(5], as a result of which a first adjustment of criteria was possible.

Refinement of this program Delta, as well as its generalization to include
other Octopus examination programs, is at present in progress.
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CHANGES OF GLAUCOMATOQUS FIELD DEFECTS
Analysis of OCTOPUS fields with programme Delta

B.P. GLOOR, U. SCHMIED & A. FASSLER

(Basel, Switzerland)

ABSTRACT

With the trial version of an analytical programme Delta, developed by Bebie and Fank-
hauser [11, the change in the 30°-visual field (OCTOPUS programme no. 31) of 125
eyes of 66 patients with chronic simple glaucoma or ocular hypertension, pseudoex-
foliation glaucoma and pigmentary glaucoma included, were analysed. The mean age of
the patients was 61.2+11.3 years, the intervals between the examinations were 59 to
473 days.

In the subsequent examinations the size of the disturbed area, the total loss and the
loss per examination per mean number of disturbed points diminished. The verbal state-
ment, evaluating 126 intervals, concluded 19 times on ‘increased loss’, 28 times on ‘de-
creased loss’. As the examined sample consisted of patients in which the glaucoma was
under observation since long time and in which no dramatic changes in the glaucomatous
situation did occur, these changes, evaluated as ‘improvements’, are no factual amelior-
ations, but learning effects and fluctuations. By evaluating changes from the first to the
second examination and comparing them to those occurring from the second to the third
examination in 13 eyes, it became obvious, that the so-called improvements are consider-
able in size from the first to the second, but no longer from the second to the third
examination. This learning effect runs up to 2 dB.

INTRODUCTION

Two qualities are essential for an insturment used for examination of visual

fields of glaucoma patients:

1. capability to detect field defects as completely and fast as possible;

2. capability to detect changes in the visual field in reliable and reproduc-
ible manner.

The first requirement is essential for making the diagnosis, the second

determines our therapeutical decisions.

With detection capability of the programme 21, together with the pro-
gramme 31 of the OCTOPUS proved to be highly superior to manual Gold-
mann perimetry, as shown by Li ef al. [4] and by Schmied [5].

But how are we performing, if we have to make up our mind, if an OCTO-
PUS field shows true changes or only fluctuations? How difficult this decision
may be, is illustrated in Fig. 1. The sequence of 6 visual field examinations
from November 1977 to March 1980 (OCTOPUS programme 31) of a 59-
year-old mathematician with chronic simple glaucoma, myopia and developing

Doc. Ophthal, Proc. Series, Vol. 26, ed. by E. L. Greve & G. Verriest 11
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Fig. 1. 59-year-old patient with chronic simple glaucoma, myopia and beginning cataract.
Sequence of six visual field examinations (OCTOPUS programme 31) from 1977 to 1980.
Many changes from first to fifth examination, sometimes up, sometimes down, but
obvious deterioration between the first and sixth examination. Source: Gloor, Schmied

& Fassler [2, 3].

cataract is shown. Changes occurring from the 1st to the Sth examination
alternate from improvement to deterioration several times, only between 1st
and 6th examination a deterioration becomes obvious.

Becoming aware of these difficulties on one hand, taking into consider-
ation on the other hand, that the OCTOPUS breaks up the visual field in a
mass of numbers, really logarithmic units (dB), the claim for an analytical
programme making use of all these numbers is the next logical step. We were
fortunate to get the opportunity to use a trial and experimental version of
such an analytical programme, developed by Bebie and Fankhauser [1].

METHODS

With this analytical programme Delta the change in the 30° visual field
(OCTOPUS programme 31) of 120 eyes of 66 patients with chronic simple
glaucoma or ocular hypertension, pseudoexfoliation glaucoma and pigmen-
tary glaucoma included, were analysed. The mean age of the patients was
61.2+11.3 years, the 146 intervals between the examinations taken into
account were 59 to 473 days (203+72 days). 13 eyes which had by chance
3 examinations are evaluated in more detail.

RESULTS

The Results are summarized in the following tables. Table 1a and 1b show,
that from one examination to the next a diminution of the size of the
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Table 1a. Development of glaucomatous visual field defects. OCTOPUS programmes 31

and Delta (122 eyes).
Disturbed area and total loss per examination per mean number of disturbed points.

Distribution Sum* N
1. Disturbed area (%)
A: 1. Examination 3231336 3.1 120
B: Following examinations 29.4+32.7 3.0 122
2. Total loss per examination
per mean number of
disturbed points
A: 1. Examination 5.8+5.7dB 0.5 120
Minimum 0.0dB
Maximum 20.1dB
B: Following examinations 5.1+5.0dB 0.5 122
Minimum 0.04B
Maximum 21.2dB

* Standard error of the mean.

Table 1b. Development of glaucomatous visual field defects. QCTOPUS programmes 31
and Delta (122 eyes).
Changes of total loss and changes in the single points.

Distribution SMm N
Change of total loss —21.5+78.5dB 7.1 120
— All eyes with increased total loss +31.8+45.6dB 5.9 60
— All eyes with decreased total loss —68.8+276.6dB 9.9 60
Points
— Normal in A, disturbed in B 47+6.1
— Disturbed in A, normal in B 6.4+8.5

* Standard error of the mean.

disturbed area, of the total loss per examination per mean number of dis-
turbed points (TL . .. /DP) and of the total loss takes place. The diminution
of the depth of the damage in the single point of 0.7 dB is statistically signifi-
cant (these statistics are explained in Gloor ef al. [2]).

Table 2 lists the verbal statements made by the two statistical tests, the
one evaluating the change of total loss, the other the differences in an area of
relatively disturbed points. Of special interest is the high number of 28 inter-
vals, after which a decreased loss had to be assumed. Please also note that
the second test is never in disagreement with the first test. There was no
correlation between increase or decrease of loss and regulation of intraocular
pressure. As there was no evidence of dramatic changes in the pressure
situation in our sample of patients with glaucoma, observed since long time,
we had no reason to believe that this ‘improvement’ is real. When the differ-
ence of disturbed area, total loss and TL.../DP from a first to a second
observation was compared to the difference between second and third obser-
vation in 13 eyes, which by chance had more than two examinations, the
difference of the size of disturbed area diminished from the first to the
second interval from 6.1% to 2.6%, the difference of the total loss from
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Table 2 Development of glaucomatous visual field defects. OCTOPUS programmes 31

and Delta.
Verbal statements of the two statistical tests of programme Delta.

Number T-test of differences

NEE Increased Decreased

OCTOPUS test 1 total loss total loss
‘No change’ 1
‘Not enough evidence to assume

change of total loss’ 51(7) 12 7)) 8(2)
‘Change within normal range of

fluctuations’ 28 (2)
‘Increased total loss may be assumed’ 19 (3) i7 (3)
‘Decreased total loss may be assumed’ 28 (8) 2 () 21 (7)
Intervals 127
Normal visual fields 19
N eyes 125

In ( ): tension not regulated (20)

Table 3. Development of glaucomatous visual field defects. OCTOPUS programmes 31

and Delta.
Three consecutive examinations of 13 eyes.

1. Examination 2. Examination 3. Examination

Distribution  Syg Distribution Sm  Distribution Sm

Disturbed
area (%)
X 37.8+38.2 10.6 31.6+340 9.4 29.1x34.4 9.6

Change of

total loss
X —463+71.7dB  19.2 +12.9%594dB 159

Change of

total loss per

examination

per mean

number of

disturbed

points

X —2.4+8.3dB 2.2 —0.16x3.6dB 0.96

—46.3+71.7dB to +129%59.4dB (“— means improvement, ‘+’ means
deterioration). Corresponding to that, the difference of TL.../DP dimin-
ished from —2.4+8.3 to —0.16%£3.6dB. The same tendency shows up in
Fig. 1 and Tables 2 and 3.

As a first approach we would suggest, that the size of this so-called im-
provement really determines the size of the learning effect which is 0—2 dB
per point. The considerable standard deviation in the determination of
change of TL.../DP is inherent to the sensitivity of static perimetry to
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deviation of fixations, especially when a relatively wide grid of 6° is used.
But this deviation may also point out, that reports on regression of field
defects have to be evaluated with great care.

These difficulties, characteristic for static perimetry, can only be sur-
mounted, if more time is invested in the examination of visual fields, even if
an automatic perimeter such as the OCTOPUS is used. How much is added
in accuracy by examining patients twice in short intervals, will be reported
at the meeting of the Glaucoma Society in Brighton [3].

To conclude: The fascinating thing about the OCTOPUS perimetry is, that
we have for the first time easy access to numbers and that we can characterize
the visual field in terms of disturbed area, total loss and loss per examination
per mean number of disturbed points immediately after an OCTOPUS exam-
ination. We are approximating the standards to differentiate between fluc-
tuations and true changes. Some modifications seem necessary, as well as in
the manner of application of the existing programmes as also of the pro-
grammes themselves.
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(Amsterdam, The Netherlands)

ABSTRACT

A more elaborate description of this instrument has been given in Documenta Ophthal-
mologica Proceedings Series, Vol. 22, pp 71-74 (1980).

This perimeter (Fig. 1) has been constructed for automatic and non-automatic detec-
tion of visual field defects. Some technical data are presented in the table. The stimulus

distribution is shown in Fig. 2.
The Peritest aims at completing a detectionphase within five minutes. At missed

positions the intensity of defects can be further examined.

Table Peritest technical data.

type: hemispherical perimeter; radius 30 cm.
background L: 1cd/m?.

stimulus:

L-source: light emitting diodes (L.E.D.).

L-steps: 0 2log. units.

L-range: 3.0log. units.

colour: peak at 575 nm.

size: 30'.

duration: 02S.

presentation type: Static, multiple and single.

positions: fixed, no problems with reproducibility.
distribution: see Fig. 2; a total number of 214 positions

can be examined of which 157 are inside the
25° parallel and 57 in the periphery.

Author’s address:

Eye Clinic of the University of Amsterdam
Wilhelmina Gasthuis

Eerste Helmersstraat 104

1054 EG Amsterdam

The Netherlands
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DETECTABILITY OF EARLY GLAUCOMATOUS
FIELD DEFECTS
A controlled comparison of Goldmann versus Octopus perimetry

G. K. KRIEGLSTEIN, W. SCHREMS, E. GRAMER & W. LEYDHECKER

(Wurzburg, F R.G.)

ABSTRACT

In a controlled study a group of 122 glaucomatous eyes with a high incidence of early
visual field defects were examined with the Goldmann kinetic perimeter and the Octopus
computerized perimeter. Discrepancies between both examinations were clarified by the
use of a high resolution program of the Octopus placed into the disputed location of the
field. In 55 of the 122 eyes field defects could be established by the kinetic procedure
The computerized perimeter verified early glaucomatous field defects in 87 of the 122
eyes. In 28 of the 32 eyes of nonconformity the field defect could be reproduced by the
high resolution program. The results suggest that about every third glaucomatous defect
is missed by kinetic perimetry and a sufficient degree of reproducibility of the exami-
nation in glaucomatous field defects is achieved by the computerized technique only.

INTRODUCTION

Anyone who knows the pitfalls of manual perimetry from his own clinical
practice will appreciate the advantages of computerized perimetry [3]. The
conceptual superiority of a static computerized perimetry with a repetitive
bracketing for threshold determination is clearly preferable to traditional
kinetic perimetry [1, 2}. Early glaucomatous visual field defects represent an
ideal test group for the comparison of both methods. The aim of the present
study was therefore to investigate the detection probability of glaucomatous
defects comparing the Goldmann kinetic perimeter and the Octopus peri-
meter.

METHODS

The present study comprised 122 glaucomatous eyes of 84 subjects. The
selection criteria for these patients should ensure a high incidence of glauco-
matous field defects and were as follows:

a) known early glaucomatous visual field defects
b) glaucomatous disc findings
¢) long-term history of considerably raised intraocular pressure

Patients with vision less than 0.5, anterior segment pathology, cataract for-
mation or visual field changes other than glaucomatous were excluded from
this study. In a randomized order the visual field was tested by observer I

Doc. Ophthal. Proc. Series, Vol. 26, ed. by E. L. Greve & G. Verriest 19
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experienced for many years in kinetic perimetry utilizing the Goldmann
instrument and by observer II using the Octopus perimeter (stimulus size 3,
program 31) in a strictly masked fashion. Prior to the test the best near vision
correction was obtained for both instruments. A minimum of 1 hr interval for
resting was allowed between the repeated visual field examinations. In the
case of a qualitative difference between both techniques the questionable
defect was verified or rejected by means of the high resolution program 61 in
the disputed location of the field. The definition of a pathological central
kinetic field was orientated on isopter defects of a certain size and scotomas
within an isopter all within 30° excentricity. For the static computerized
field a threshold differential of 10dB was defined to be the starting point of
a true field defect.

RESULTS

In the 122 glaucomatous eyes investigated 55 pathological kinetic fields
(45.1%) were obtained. The Octopus fields using program 31 exhibited in
87 eyes (68.0%) glaucomatous defects (Fig. 1). Consequently, a qualitative
contradiction between both methods happened in 32 eyes (22.9%). Recheck-
ing these eyes with program 61 the initial Octopus finding (minimum threshold
differential of 10dB) could be confirmed in 28 eyes. In the remaining 4 eyes
the threshold differential was less than 10dB but not within the fluctuation
range. Fig. 2 shows a frequency distribution of pathologically decreased
thresholds as determined with the program 31 stimuli pattern. There was no
field pathological with the Goldmann perimeter which could be confirmed
as normal by the Octopus, whereas Goldmann normal and Octopus glauco-
matous occurred in the 28 double checked discrepancies. The reproducibility
of the Octopus findings was elucidated by calculating the correlation between
the threshold differentials (depth of the scotomas) obtained in program 31
and 61. There was a highly significant correlation coefficient of 0.90 with
a regression line close to best line fit (y = 1.01 x —1.27; Fig. 3). Out of the
55 eyes exhibiting field defects in the kinetic as well as in the computerized

kinet Perimetrie

n=122

i V0000, =
Proge 61 Progr. 31 n=122

stat comp Perimetrie stat comp Perimetrie

Fig 1. Distribution of normal and pathological fields of 122 glaucomatous eyes using
Goldmann kinetic perimetry and Octopus computerized perimetry program 31. In case
of a qualitative discrepancy an additional Octopus field utilizing program 61 was per-
formed.
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Fig. 3. Regression line between the threshold differentials of scotomas observed with the
Octopus using program 31 (abscissa) and program 61 {ordinate). The threshold differen-
tials (depth of the scotomas) could be confirmed with a highly significant correlation.

field quantitative differences occurred in 31 eyes (visual field defect different
in Octopus and Goldmann with respect to size, shape and depth). Actually,
comparable fields with both techniques were obtained only in 63 of 122 eyes.

An example of a rather advanced glaucomatous defect overlooked with
kinetic perimetry is given in Fig. 4. Quantitative differences between a glauco-
matous visual field obtained by kinetic technique and static computerized
technique are shown in Fig. 5.
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Fig. 5. Visual field of the right eye of a glaucoma patient with field loss verified by
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difference. The Octopus showed a paracentral scotoma close to the blind spot, whereas
the Goldmann field shows an arcuate scotoma.
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DISCUSSION

T+ swae snBsren £ +he very haginning of thic at tha Net 1Q -
It was apparent irom the very Ueguuuug ot this al.uu_y that the UCIopus peli-

meter will show a significantly higher detection probability of glaucomatous
field defects than the kinetic Goldmann perimeter. In the light of the present
study one has to expect that using a kinetic perimeter every third glauco-
matous field defect will be missed and two out of three which will be picked
up will be misinterpreted in terms of size, shape and depth. Since the incidence
of a field defect usually has therapeutic consequences it is important to pick
up as many as possible, as reproducible and as early as possible. Comparing
Goldmann and Octopus instruments for glaucoma perimetry Schmied [4]
described a higher sensitivity in detecting field defects with the Octopus in
80% of the eyes. He reported a false-negative rate of Goldmann perimetry of
about 30% which is in pretty good agreement with this study. Spaeth et al.
[5] included the Tubinger perimeter in their comparative study of manual
against Octopus perimetry. They found a detection probability of glauco-
matous field defects using the Octopus of 82%, with the Tubinger perimeter
of 60% and with the Goldmann perimeter of 53%. It is surprising that in the
above study the Tiibinger static perimeter is closer to the Goldmann than to
the Octopus in its detection probabilities. The reason may be due to the fact
that the selection of the meridians for the Tiubinger profiles is orientated
according to a foregoing kinetic field. The discrepancy between manual and
computerized perimetry would be even more pronounced if we consider only
scotomas not larger than the blind spot for which the detection by kinetic
strategies is almost hopeless but the test point grid of the Octopus would
catch the defects with high probability with the combination of two pro-
grammes. Facing the fact that in the present study and in the studies quoted
above manual perimetry was performed by an experienced perimetrist of a
large glaucoma clinic, it appears that even great experience cannot overcome
the limitations of kinetic perimetry. It seems clear that glaucoma perimetry
of tomorrow will be computerized.
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VISUAL FIELD IN DIABETIC RETINOPATHY (DR)

J.-H. GREITE, H.-P. ZUMBANSEN & R. ADAMCZYK

(Munich, FR.G.)

ABSTRACT

By examination with the automated perimetry system OCTOPUS in Diabetic Retinopathy
(DR) characteristic changes in the visual field show up in form of flecked, partially con-
fluent relative scotomas. They can be correlated to areas of capillary non-perfusion. The
average decrease of light sensitivity in the different stages of DR was ascertained. It
ranges between 1.4 dB in the stage I and 6.7 dB in the stage IV. It is remarkable, that
even in beginning DR the loss of retinal function is greater in the middle periphery than
in the central area. This becomes more distinct in advanced stages of DR and especially
in the proliferative form.

INTRODUCTION

At the first International Meeting on Automated Perimetry System Octopus
in Ziirich 1979 we showed that already in early stages of Diabetic Retino-
pathy (DR) characteristic visual defects can be detected with the automated
perimeter Octopus [3]. The typical findings are relative scotomas, partly
confluent and of different intensities and dimensions. They appear in the
halftone display of the Octopus as a flecked or patchwork pattern, which
reminds one of the damage done by moths.

We demonstrated that there is a close correlation between these scotomas
and areas of capillary nonperfusion seen in the fluorescein angiograms (Fig. 1
and 2). So an accumulation of these scotomas is often found in the 40 to 60
degree zone of the visual field, which is as we well know, the preferredlocation
of the development of capillary closure and consecutive neovascularisation,
according to the findings of Taylor and Dobree [4]. It should be emphasized
that these typical visual field defects occur before reduction of visual acuity,
so we can say that the function of the peripheral retina in DR is much earlier
affected than assumed hitherto because with traditional Goldmann perimetry
these visual field defects were hidden. As well as these qualitative findings
quantitative statements are of interest.

METHODS

For this purpose we systematically examined 107 eyes of 67 patients with

different stages of DR. The stages of DR were defined as shown in Table 1.
All eyes were examined with the programmes 21, 31 and 41. For the

numerical and statistical evaluation only the values of the programmes 31
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Fig. 1 Typical visual field in DR stage IV. Most of the scotomas are located in the
middle periphery The paracentral scotoma (opposite to the blind spot) corresponds
to the area of capillary nonperfusion seen in Fig. 2.

Table 1 Definition of the stages in DR and number of examined eyes.

Stage of DR Clinical appearance No. of eyes
1 D.R. only seen in FLA 17
I Microaneurysms only 23
I Microaneurysms, haemorages
and hard exudates 34
v Proliferative D.R. 33
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Fig 2 Fluorescein angiogram of the case seen in Fig. 1. Notice the area of capillary
nonperfusion, which is responsible for the paracentral relative scotom

and 41 were used. The values of the blind spots were excluded. The findings
were compared to the data of the normal average light sensitivities, which
are published in the second edition of the Octopus Visual Field Atlas [3].

RESULTS

Typical individual findings of visual field defects in the different stages of DR
are demonstrated in Figs. 3—6. In the profile section displays the normal
curves are overprojected. The dotted areas show the actual decrease of light
sensitivity.

With regard to the variation of the scotomas in DR it is only practicable
and reasonable to bring into relation the summarized values of light sensitivity
of all measurement points [2].

In Fig. 7 the findings of this study are summarized. It shows the average
decrease of the light sensitivity in the different stages of DR in absolute
dB-values. It ranges between 1.4 dB in stage I and 6.7 dB in stage IV. This
seems to be low at first sight. However, considering a difference table of an
individual case, one finds that the deviation from the normal values in sep-
arate measurement points can be very high. The decrease of average light
sensitivity with increasing DR is obvious. Whether or not there is a linearity
in this dependence we proved by analysis of regression. We found a signifi-
cance of 95%. It is striking that the standard deviation is relatively high and
increasing in the advanced stages of DR. This is intelligible because in the
defined stages the individual extent of the morphological criterias show great
variation. So a statistical comparison of the mean values of the different
visual field areas may not be allowed. Nevertheless we can see tendencies.
These are printed out in Table 2, in which the findings of the different visual
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Fig. 7 Decrease of average light sensitivity in the different stages of DR.

Table 2. Decrease of average light sensitivity in the different stages in the
different areas of the visual field.

Areas of visual field

Stage of DR 0°-30° 30°-60° 0°-60°
(Progr 31) (Progr. 41) (Comb. 31/41)
1 4.5% 7.5% 5.6%
11 5.7% 10.7% 7.7%
11 13.0% 21.2% 16.5%
v 22.4% 37.0% 28.0%

field areas are shown. It is remarkable that even in beginning DR the loss of
retinal function is greater in the middle periphery than in the central area,
which becomes more distinct in advanced stages of DR and especially in the
proliferative form.

In current and further investigations, establishing better comparable
collectives, we try to find out if these findings can be statistically confirmed.
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DETECTION AND DEFINITION OF SCOTOMATA
OF THE CENTRAL VISUAL FIELD BY COMPUTER METHODS

J. FLAMMER, G. NAGEL, A. GLOWAZK]I,
H. R.MOSER & F. FANKHAUSER

(Berne, Switzerland)

ABSTRACT

The early detection of visual loss has long been a major goal in perimetry. Shallow scoto-
mata of small diameter can only be detected by high resolution measurements com-
bined with appropriate attenuation of the threshold fluctuations. Detectability of such
scotomata by different Octopus programs, varying in these two basic strategies, is shown.

PROBLEM

The task of separating true local loss of contrast sensitivity from threshold
fluctuations is the more demanding the shallower a scotoma, the smaller its
diameter and the larger the local measurement error (the measurement error,
as defined here, includes all factors contributing to threshold instability) [5].
Detectability can only be improved by high spatial resolution (i.e. a high scan-
ning density) and averaging procedures. Both steps may drastically increase
examination duration [4] unless the visual field area to be examined is ap-
propriately reduced. When such time restrictions are taken into account this
leads to the well known dilemma: we may either (1) analyse large visual field
areas, in which case detectability will be limited, or (2) we may analyse small
field areas, whereby high resolution scanning together with averaging pro-
cedures greatly increase detectability within the area examined. In this latter
case, large field areas remain unexplored. Depending on the clinical problem
we may be forced to choose either (1) or (2). It is the intention of this report
to demonstrate the effects of Octopus programs differing in the basic strat-
egies (1) or (2) upon the perimetric result. Since it was not the intention to
perform a systematic analysis of the pathological class examined, only a few
typical results will be displayed and commented.

MATERIALS AND METHODS

9 patients (total 18 eyes) suffering from multiple sclerosis and having under-
gone at least one episode of retrobulbar neuritis, were analysed using Octopus
programs 33, 34, 61 and F8. These patients had a visual acuity of 0.6 or better
but the latency of the VEP was increased. 115 ms was taken as the limiting
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normal value. Target size 3 (diam.: 0.43°) was chosen. Otherwise, the basic
procedure for Octopus perimetry was adhered to [4]. Octopus programs 33,
34 and 61 have been described previously (Octopus user’s manual). Programs
33 and 34 scan a visual field area of r = 30°. The spatial resolution of these
programs, when combined, is 4.2°. The luminance intervals of the repetitive
bracketing procedure are 4 .. .2 ...1dB [6].

Program 61 performs 3 threshold determinations at 25 test locations with
a separation of 3°. At each test location the local average value together with
the local r.m.s. fluctuations is calculated. The global r.m.s. fluctuations are
computed as well. The bracketing strategy operates with luminance inter-
vals of 2...1 ..1/2dB. This results in a reduction of the measurement error
by about 20% [3].

The F8 program used here is one of a family of programs including pro-
grams F1, F2, F4 and F8. Program F8 permits distribution of a maximum of
11 test locations at an arbitrary resolution along a ‘profile’ or ‘section’ which
may be oriented arbitrarily across the visual field (minimum interstimulus
distance: 0.2°). 8 determinations per test location are peformed. The lumi-
nance steps are 2..1..1/2dB. Graphical printouts of the examination
results may be produced together with numerical tables which display the
contrast sensitivities, their means and local normal values. The local as well
as the global r.m.s. fluctuations are printed out.

The graphical displays were produced by the host computer of the Octo-
pus and printed out by its terminal (Fig. 1 and 4a) and via data transfer to a
large scale IBM computer, model 3033, and plotted by a calcomp graphics
system 1039.

RESULTS
Analysis by programs 33 and 34

Two categories of results were obtained: (1) normal visual fields (Fig. 1a). No
deviations, when compared with normal standards (Visual Field Atlas, 2nd
edition) could be detected. (2) Suspicious visual fields were recorded (Fig.
1b and 1c) displaying variable degrees of deviations from standard values.
However it was not known whether such deviations were purely fortuitous or
whether these deviations ought to be accepted as real and if so, at which
level of confidence. Statistical program Delta [1, 2] was not applied to these
results because the part of program Delta, discriminating normal and patho-
logical states (in contrast to the part of the program assessing progression or
not) had not yet reached optimum performance at the time when these
experiments were performed.

Analysis by program 61

4 eyes belonging to category 2 were analysed by 4 programs 61 coupled to-
gether, covering a visual field area of 27 degrees?. Examinations performed
upon an arbitrarily selected eye are displayed in 3-dimensional views (Fig. 3).
The basic properties of such displays are shown in Figure 2. For a better
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Fig. 1. Visual fields of patients with history of retrobulbar neuritis. Grey scale displays.
programs 33 + 34 (mixed mode). Visual acuity and VEP latency are indicated in each

graph.
la. Normal visual fields of subject B.A.: OD and OS.
1b and 1c. Suspicious visual fields. Variable degrees of real or apparent pathology.
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Fig. 2. 3-dimensional display of sections of normal visual fields. Fig. 2a: 3-dimensional
contrast sensitivity distribution from various sides (angle of rotation: see insert). Fig. 2b:
displays at various degrees of elevation (insert).

understanding of the contrast sensitivity relief such displays may be viewed
from various sides (i.e. they may be rotated around their axes) or they may
be looked at from various angles of elevation. In figure 3, three-dimensional
aspects of the 27 degrees® area analysed (centre coordinate, x: —16;y: —13)
are shown. The contrast sensitivity reliefs of the first, second and third deter-
mination, together with the mean value and the standard normal value are
shown. The graphs are shown at two different angles of rotation. The results
differ markedly from the norm and considerable differences between the 3
single determinations are noted, which are due to measurement error. The
mean value represents a good approximation to the truth but without further
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statistical scrutiny, the evaluation of the local contrast sensitivity losses is
incomplete. For a statistical evaluation a new data base was considered
necessary.

Analysis by program F8

OD of subject W.M. belonging to category 2 was examined. A profile measur-
ing 14.9° was analysed. The various Octopus printouts (graphs and numerical
table) are shown in Figure 4a. For a better visualisation and evaluation the
graphical results were again displayed by the large scale computer system in
figures 4b and 4¢. Figure 4b shows the single values (left) together with the
mean and the extreme values (right). Figure 4c shows the mean values together
with the standard deviations (left) and the means together with the standard
errors of the means. This graph includes in addition the normal contrast sen-
sitivity curve (right). F8 allows us to arrive at the conclusion that the mean
contrast sensitivity curve recorded is situated, at most test locations, below
the normal contrast sensitivity curve (Figure 4c, right). Whether this behaviour
may be considered as a true pathological loss was not further explored. How-
ever it is apparent that the single values disturbed by the measurement error
are highly contradictory (Fig. 4b, left) whereas the means of 8 determinations
together with their standard deviations allow a much more valid evaluation of
the true contrast sensitivity distribution (Fig. 4c).

An evaluation was carried out on both eves of subject F.E. (Fig. 5). A pro-
file was adjusted from x: —6° to x: +4° at y: 0° (i.e. across the fixation
point). Figure 5b displays the means and the standard errors of the means of
OD and OS. It emerges very clearly that the single value determinations (Fig.
5a) are highly contradictory and represent a poor approximation to the truth.
One scotoma appears quite consistently on both eyes but its depth and extent
are relatively uncertain. A smaller scotoma is apparent from some of the single
determinations. From others it is not (Fig. 5a). In contrast, the mean values
display very clearly two scotomata of comparable diameter but of different
depths. The reliability in declaration of these scotomata emerges from the
fact that the ratio of the loss of contrast sensitivity to the standard error of
the mean is large in both eyes. Two homonymous relative scotomata may
therefore be accepted as real. These results were considered definitive for
these investigations and no statistical manipulations were carried out which
might have revealed further details.

CONCLUSIONS

Provided spatial resolution is high and noise attenuation is good enough, it is
possible to diagnose shallow relative scotomata having a small diameter with
a high degree of fidelity and accuracy. This has been achieved with Octopus
program F8. Without such measures these defects would probably have passed
undetected. Although these scotomata appear to have the shape of a funnel,
a geometrical assumption of this kind is not warranted. In order to classify
the scotomata geometrically, a much higher degree of resolution, still
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Fig. 5. Subject F.E. OD and OS. F8 program. Fig. 5a: single vatues of OD (left) and OS
(right). Fig. 5b: mean values and standard errors of the mean, OD (left); OS (right).
Arrow indicates the fixation point.

combined with higher noise attenuation, would be necessary. The contrast
sensitivity profiles obtained when using program F8 and target size, diameter
0.43° (Goldmann standard 3), displays steep borders. This indicates good
spatial resolution of contrast sensitivity by target 3, as expected. The reduc-
tion of target size to diameters 2, 1 or 0 would only make sense when attempt-
ing to detect scotomata having a diameter of 1/2° or less. However, the
problems related to the detection of scotomata of this size may be consider-
able {5].
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AUTOMATIC PERIMETERS IN THE DETECTION
OF GLAUCOMA DEFECTS

ANDERS HEIJL & STEPHEN M. DRANCE

(Malmo, Sweden/Vancouver, Canada)

ABSTRACT

The ability to detect glaucomatous field defects of 3 automatic computerized perimeters
(COMPETER, OCTOPUS and PERIMETRON) was compared in a clinical study of 74
patients, some suffering from established glaucoma, with normals, and glaucoma suspects
in whom the visual fields were completely normal. The reference fields were obtained by
careful static and kinetic manual perimetry on the Tubingen perimeter. All the automatic
instruments gave similar high rates of detection of field loss and low false positive results.
Quality conventional manual perimetry is still necessary to back up automatic perimetric
results but automatic perimeters can already take over a large proportion of routine peri-
metric screening.

INTRODUCTION

A number of semiautomatic and automatic perimeters have been introduced
into Ophthalmology. Some of these have developed sophisticated computer-
ized test logic which measures increment thresholds at selected predetermined
points in the visual field. One instrument is capable of determining contrast
thresholds by means of kinetic perimetry. Some of these perimeters have
been clinically tested and their performance compared with conventional
manual perimetry and the reported results have been encouraging (1, 3, 4, 5a,
5b, 5S¢, 6, 7, 8, 9a). No study has so far been published comparing the screen-
ing sensitivity and specificity of these computerized perimeters. It was the
aim of this study to compare clinically the COMPETER, the OCTOPUS, and
the PERIMETRON in screening for glaucoma defects. These three instruments
were the only fully automatic machines commercially available when the
study was carried out in the summer of 1979. One of the most important
parts of the study was to develop criteria for each of the perimetric tests
which would indicate an abnormality that would have to be more fully ex-
plored. It was not the purpose of the study to compare the ability of each
perimeter and its program to detect and quantitate visual field defects in an
unlimited time, but rather to compare the ability of these devices to detect
field defects in a practical and limited period of time.
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suspects without field defects, and normal people were tested. The ages
ranged from 21 to 84 years (average 60.8 years). Only eyes with small or
medium-sized field defects were included. Extensive field defects were
avoided. The patients were not selected according to their previous perimetric
reliability. The COMPETER (5d), the OCTOPUS (9b) have been described in
detail elsewhere. The PERIMETRON is a projection perimeter which employs
both kinetic and static modes of testing using stimuli and background illumi-
nations of the same sizes and intensities available on the Goldmann perimeter.
The stimuli are presented in a non-randomized sequence such as a perimetrist
would employ. Fixation is checked by an infrared monitor and can be over-
ridden by a manual fixation through a telescope similar to that on the Gold-
mann perimeter.

Our choice of test programs was guided by 2 principles:

1. Screening should take a finite and practical amount of time which was
considered to be 20 to 30 minutes per eye. Programs were selected for each
instrument which would take approximately that time.

2.0n the COMPETER the central pattern of test points tested by a fairly fast
threshold measuring test logic (Test logic 1 descnbed by Heijl [5f]) was
chosen. In addition proﬁ.les of 2 meridians 15° above and below the nasal
horizontal out to 30° from fixation were automatically tested. The OCTOPUS
perimeter program 31’ was used, which is a standard threshold measunng
program consisting of 73 points within 30° from fixation with a 6° inter-
stimulus distance (2). The PERIMETRON was used utilizing its Test program
‘10” which plots kinetically 2 to 4 isopters in the central and peripheral field
and performs static spot-checking between the isopters. Spot-checking
commences at the threshold level of the enveloping isopter and increment
thresholds of all missed points are then established.

The criteria used to classify the automatic fields as abnormal were devel-
oped with experience and were chosen to maximize sensitivity with a reason-
ably good specificity. The details of the criteria used will be published else-
where (5h).

Automatic perimetry was performed on each patient using all three
computerized instruments during a single session lasting 2% to 3 hours. The
order of the automatic perimeters was randomly selected so that each machine
had an equal number of first, second and third tests. The patients were al-
lowed to rest for at least 15 minutes between the different instruments and
operator interference during the testing was avoided as much as possible.
Correction for ametropia and for near was always used when appropriate.
Previous manual fields employing static and kinetic perimetry on the Tiibingen
perimeter were available in all glaucoma patients with field defects. Screeners
employing a modification of Armaly’s selective screening on the Goldmann
perimeter or full Tibingen fields were available in all patients with full visual
fields. All automatic fields were compared with the manual reference fields.
When a discrepancy arose between any of the automatic fields and the manual
fields the patients were retested with another careful kinetic and static
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evaluation on the Tiibingen perimeter without the technician knowing the area
of discrepancy. The technicians were then handed an envelope which showed
the area of disagreement and that area was fully explored with static peri-
metry. COMPETER fields with poor fixation quotient (greater than 0.15)
were disregarded and repeated. The final manual perimetry was the standard
for reference and eyes with inconclusive results on this test were excluded.

RESULTS

The manual reference perimetry classified 42 fields as abnormal and 32 fields
as normal. Using the criteria for establishing abnormal automatic fields the
computerized perimeters yielded the following results.
Sensitivity

The COMPETER correctly identified 39 out of 42 abnormal fields with a
sensitivity of 93%. The OCTOPUS identified 36 fields with an 86% sensitivity
and the PERIMETRON correctly identified 38 of the 42 abnormal fields with
a sensitivity of 90%.

Specificity

The COMPETER falsely classified 6 of 32 normal fields as abnormal which
resulted in a specificity of 81%. The corresponding figures for the OCTOPUS
were 4 abnormals of the 32 normal fields with a specificity of 87% while the
PERIMETRON produced 6 false positives with specificity of 81%.

COMMENT

The results of a clinical study such as this depends on many factors including
the types and sensitivity and severity of field defects of the population
sample and their perimetric reliability. The quality of the manual reference
perimetry, the criteria selected for the classification of automatic fields and
the duration and difficulty of the tests used were other factors. In this study
the composition of the population sample excluded large visual field defects
and many of the field defects were small and would easily have been over-
looked by the usually practiced manual perimetry. Most of the abnormal
fields that were missed by the automatic perimeters were quite subtle. The
selection of more extensive visual field defects would have given a better
sensitivity and specificity. Had the study also been confined to perimetrically
trained and reliable patients the figures for both the sensitivity and specificity
would have been increased. The patients in this study were not selected in
such a way and were considered to be representative of a population in a
normal clinical setting.

One can only compare the performance of the automatic instruments with
one another if the reference patients are evaluated by meticulous and pain-
staking manual perimetry, no matter how long that requires. We believe that
this standard comes closest to a ‘true’ visual field. In view of the fact that our
reference fields were in fact of this quality it is not surprising that the sensi-
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tivity figures obtained in this study are a little lower than those of some other
studies of automatic perimeters in which the ordinary kinetic perimetry on
the Goldmann perimeter used as a reference would miss many subtle scot-
omata. Some false positives in our study could represent early field loss that
could not be confirmed even with the most careful scrutiny by the manual
examination. There were indeed one or two instances in which several auto-
matic machines indicated the same area of the field as defective but which
could not be confirmed by manual perimetry. These were exceptions and did
not affect our results to any significant degree. It was our opinion that at this
time automatic perimetry can only be compared with the most careful manual
perimetry as a reference. It is probably erroneous to conclude that automatic
perimetry is more sensitive because more points automatically determined
appear to be defective, as is reported in some recent studies in which the
manual perimetry could be questioned (6, 7, 8). Both automatic and manual
perimetry shows considerable variation which can also be demonstrated by
repeating the automatic tests. Not all defective points found on the automatic
perimeters are reproducible. The inclusion of tests on normal fields provide
an estimate of the frequency of false positive results which must be part of
any comparative study.

The choice of criteria for the classification of the automatic fields is all-
important and presents a problem at this time. The more stringent the criteria
the more field defects will be found but always at the expense of an increased
number of false positives. It was our intention to optimize the criteria for
each instrument and screening program towards a maximum sensitivity with a
reasonable and acceptable rate of false positives. In order to allow a meaning-
ful comparison between the three automatic instruments we avoided criteria
which would give one instrument a much higher sensitivity than the other
two if this resulted in a much lower specificity compared with the other two
instruments. We therefore modified our earlier COMPETER criteria (5b, 5¢)
to make them less sensitive as they would have yielded a 98% sensitivity but
at a considerably lower specificity than obtained with the other automatic
perimeters. The OCTOPUS criteria presented some problems as our previous
experience with the perimeter was rather limited. We applied the rules used
by Schmied (8) but had to abandon this method when we found that it led
to a 98% sensitivity but a specificity of only 25%. The criteria used in this
study were found by trial and error and will be fully reported elsewhere.
There were no previous data available for the PERIMETRON. We found that
the majority of false positives from the PERIMETRON were due to small
nasal steps. The specificity would in fact have risen to 94% if the nasal step
criteria had been excluded but the sensitivity would have fallen to 71%.

The results of the study were probably unfavourably influenced by the
fact that patients were subjected to three strenuous tests within a few hours.
Prolonged automatic perimetry can lead to deterioration of patient perform-
ance (5e). Randomization of the sequence of automatic testing should mini-
mize this in a comparative study. We found the test results from the three
instruments equally useful. The PERIMETRON covered the full field and
often indicated nasal steps more clearly than the other two machines but it
can miss the full depth of localized visual field defects.
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The method of presentation of the resuits on the PERIMETRON are most
easily interpreted by ophthalmologists. The OCTOPUS program used covers
the central fields up to 30° while the COMPETER covered the central 20°.
Nasal wedge-shaped defects were often more clear in the OCTOPUS than in
the COMPETER central pattern charts. The peripheral points in the OCTO-
PUS tests are often affected by lens artifacts which had to be disregarded in
the study. The resolution of OCTOPUS Test program ‘31’ is lower in the
central visual field than the resolution of the other two instruments but the
use of a complementary program ‘32 which increases the resolution at the
cost of doubling the test time can be employed. The OCTOPUS as we em-
ployed it can therefore miss small paracentral defects including narrow
arcuate scotomas curving between 5° and 10° from fixation towards the nasal
parafoveal area. It seldom indicates the full depth of the physiological blind
spot.

CONCLUSION

The objectivity and standardization of testing of the automatic perimetric
programs are major advantages. All three perimeters tested proved very useful
and gave similar results which in our opinion is superior to much of currently
used standard kinetic visual fields plotted. The ophthamologist cannot solve
all his perimetric problems at this time by purchasing an automatic perimeter.
Conventional manual backup system with a competent technician is still
necessary, particularly for quantitative perimetry. The automatic perimeters
can relieve technicians from much tedious and time-consuming routine
screening and it is our belief and hope that automatic perimetry will become
a standard procedure within the next decade. Judiciously used computerized
perimeters will prove to be of great benefit to ophthalmologists and their
patients. They can already improve the quality of perimetry as currently
practiced.
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CAPABILITIES AND LIMITATIONS OF AUTOMATED
SUPRATHRESHOLD STATIC PERIMETRY

JOHN L. KELTNER & CHRIS A. JOHNSON

(Davis, Calif., US.A)

ABSTRACT

Automated suprathreshold static perimetry is a technique for performing rapid, quanti-
tative visual field testing to detect visual field defects. Over the past three and one-half
years, we have had the opportunity to evaluate five commercially-available automated
perimeters that utilize this technique. Our research has emphasized the development of
optimal test procedures for automated suprathreshold static perimetry, and clinical
comparison studies with manual perimetry to define the capabilities and limitations of
the technique. To date, more than 2,500 eyes have been evaluated in these clinical
comparison studies. Among the various commercial devices we have examined, there
are many similarities and differences. This blend of common and unique components
for each device has allowed us to determine many general principles of automated supra-
threshold static perimetry. The present paper describes an overview of our investigations
with regard to test conditions, principles of operation and performance capabilities in
automated suprathreshold static perimetry. The ultimate role of automated supra-
threshold static perimetry, in conjunction with automated static or kinetic testing,
remains to be defined.

INTRODUCTION

Our investigations of automated suprathreshold static perimetry now en-
compass three and one-half years of study, five commercially-available
automated devices and evaluation of more than 2,500 eyes (1—8). Similarities
and differences among various approaches to automated suprathreshold static
perimetry have become apparent through this work. It has also been possible
to determine stimulus conditions, test procedures, validation techniques,
capabilities and limitations of this technique, cost considerations, and possi-
bilities for future development. The present paper describes an overview of
our experiences with automated suprathreshold static perimetry and discusses
some considerations for the development of the ‘ideal’ automated perimeter
(5). This information is directed only to the specifications of automated
suprathreshold static perimetry and does not apply to the more sophisticated
test procedures of automated static or kinetic testing devices.
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STIMULUS CONDITIONS
1. Background luminance

There are presently no standards for background luminance in automated
suprathreshold static devices. It is our opinion that a background luminance
of 31.5asb (10 cd/m?) should be employed until further research warrants an
alternative value. These automated devices would then be in correspondence
with the most widely used background luminance for manual perimetry. The
uniformity of background luminance in most automated suprathreshold static
perimeters is comparable to that of conventional manual perimeters, exhibi-
ting good uniformity along the horizontal meridian and a modest luminance
gradient along the vertical meridian.

2. Target size

Ideally, automated suprathreshold static perimeters should offer a variety of
target sizes as provided on most manual perimeters. However, many of the
available automated devices of this type are restricted to a single target size.
In this instance, we recommend that a target size of 7—10 minutes of arc
diameter be employed.

3. Target luminance

The most desirable stimulus for automated perimetry is a target that exhibits
a sharp, symmetric intensity profile and maintains constant luminance, color
temperature and spectral distribution, irrespective of its location. Thus, a
projection system for target presentation is the preferred method of stimulus
display. Our second alternative for target presentation consists of individual
fiber optics elements. It is necessary to insure equal transmission character-
istics of each fiber optics element, and to carefully position and calibrate
them in the perimeter bowl, since directionality of the fiber optics elements
can influence the effective luminance to the eye. However, fiber optics el-
ements retain the advantage of using a common light source for all stimuli,
and exhibit a sharp, symmetric luminance profile.

Our third choice consists of individual light emitting diodes (LEDs). In this
instance, each target utilizes a separate light source, thereby increasing the
difficulty of maintaining target uniformity and precise calibration. We have
also found that luminance profiles of individual LEDs are often asymmetric
and can exhibit considerable variation from one LED to another. We rec-
ommend that if LEDs are used, a good diffuser combined with a small aperture
stop should be used for each individual target. We have also found that the
luminance and spectral distribution of LEDs can exhibit considerable indi-
vidual variation. It should also be noted that LEDs introduce the additional
complications of color perimetry, since their spectral distribution is not
neutral. It is our opinion that the use of LEDs for automated suprathreshold
static perimeters should be approached with caution and must include ex-
tremely careful calibration procedures.
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4. Target color

Because of the increased complexity and precision required for color peri-
metry, we feel that achromatic targets should be utilized for automated
suprathreshold static perimetry. This technique is a relatively new form of
visual field testing, and the introduction of complex test procedures and
stimuli is probably not beneficial at this time.

5. Target presentation sequence

Most automated suprathreshold static perimeters utilize a
sequence that is random or pseudo-random. We favour this type of approach
because it minimizes the influence of expectancy, unstable fixation and other

factors that are deleterious to the test results.

meters utilize a target presentation

6. Target presentation rate

We find that rapid target presentation rates are sometimes hard for patients to
follow, particularly in elderly populations. On the other hand, a presentation
rate that is too slow often produces boredom or inattentiveness on the part of
the patient. We recommend a target presentation rate of approximately 1 per
second. However, this presentation interval should be somewhat sporadic or
non-rhythmic. The use of a constant target presentation rate will sometimes
cause patients to develop a ‘thythm of response’ that produces spurious results.

7. Target duration

As with target presentation rate, stimulus duration that are too long or too
short may produce difficulties in some patient populations. We therefore rec-
ommend a target duration of approximately 0.5 to 1 second for each stimulus
presentation.

8. Target presentation pattern

A number of target presentation patterns are available on the various com-
mercially-available automated suprathreshold static perimeters. These target
distributions are generally based upon the clinical experience and opinions of
expert consultants in the area of visual field testing. While this approach has
validity, there is presently no quantitative, empirical basis for the various
presentation patterns employed. The efficiency, accuracy and sensitivity of
automated suprathreshold static perimetry are critically dependent upon the
presentation pattern. We have no formal recommendation for target presen-
tation patterns for automated suprathreshold static perimetry, but are cur-
ently in the process of defining an objective, quantitative method of deriving
optimal target presentation patterns for this type of automated testing.

9. Fixation

An eye monitor to assess the accuracy of fixation is useful for many patients
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undergoing automated testing. The efficacy of a fixation monitor depends
upon its sensitivity and reliability. It must be able to consistently detect
significant eye movement but should not be so sensitive as to be repeatedly
triggered by non-significant movements. An eye monitor sensitivity adjust-
ment is helpful to select a reasonable criterion for detecting eye movements
that may affect the test results, and to be able to select eye movement toler-
ance levels that are within the capabilities of each individual patient. Our
experience indicates that unless an eye monitor is reliable and its sensitivity
is adjustable, it may create more problems than it solves.

TEST PROCEDURES
1. Multiple luminance testing

In order to achieve high rates of detecting visual field defects with automated
suprathreshold static perimetry, it is necessary to perform testing for at least
two different target luminances. A high target luminance will provide an
evaluation of the full visual field, but is likely to miss shallow or moderate
scotomas. On the other hand, a low target luminance will be able to detect
shallow-to-moderate visual field defects, but will not be appropriate for
evaluating the far periphery. It is, therefore, necessary to perform testing for
two or more target luminances to optimize test results.

2. Refractive correction

For testing the central 30° at low target luminances, an appropriate refractive
correction for the target distance should be used. Unless this is done, a high
incidence of false alarms will occur as a result of refraction scotomas.

3. Automatic retest

Another factor that is necessary to reduce false alarm rate is the performance
of an automatic retest of all targets missed during the first presentation
sequence. It is particularly important that this be done automatically to in-
sure consistent test conditions from the initial testing to the retest. It is also
useful to retest several spots that were detected on the initial presentation in
order to keep the patient alert during the retest period.

VALIDATION STUDIES

1. Controlled clinical trials
We feel that controlled clinical trials should be performed with automated
perimeters before they are released to eye care specialists. This includes the

use of standardized manual perimetric techniques for comparison. In the past,
some of the commercial automated perimeters have been marketed before
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proper validation studies were performed and appropriate deficiencies in the
devices were corrected. This has understandably caused some concern over
the validity of automated suprathreshold static testing.

2. Criteria for interpreting data

Once the results have been obtained, it is necessary to interpret the findings
according to standard established criteria. One of the great advantages of
automated testing is that each patient is subjected to a standardized, repro-
ducible test procedure. These benefits are diminished if the results of the test
procedure are interpreted in a non-systematic fashion.

e

CAPABILITIES AND LIMITATIONS

Our findings indicate that most automated suprathreshold static perimeters
are capable of achieving detection rates of 90 per cent or better in compari-
son to manual perimetric testing, provided that proper stimulus and test
conditions are employed. In contrast, false alarm rates can vary considerably.
When factors such as appropriate refractive correction, automatic retest and
standardized criteria for interpreting results are employed, false alarm rates
can be below 5 per cent. In the absence of these factors, the false alarm rate
can be as high as 25 per cent or more. Detection and false alarm rates for
three automated suprathreshold static perimeters we have evaluated (the
CFA-120, the Autofield-I and the Fieldmaster Model 101-PR) are presented
in Table 1. Because of the greater simplicity and speed of automated supra-
threshold static perimetry, some patients produce test results that are superior
to those derived from manual techniques. Overall, these findings indicate that
automated suprathreshold static perimetry can be an excellent technique for
the detection of visual field defects.

The ability of automated suprathreshold static perimetry to provide
detailed assessment of visual field defects and to follow the progression and/or
regression of visual field loss appears to be somewhat limited. At the present
time, only preliminary data are available on the efficacy of this technique for
such purposes. From a theoretical standpoint, the lack of flexibility for test
and stimulus conditions in these devices imposes a strict limitation upon
detailed assessment of visual field loss.

Table 1. Detection and false alarm rates for the Autofield-I, CFA-120 and Fieldmaster
model 101-PR as compared to manual kinetic perimetry

Device # of eyes # of defects Detection  False alarm
rate rate
Autofield-I 103 65 93.8% 24.2%
CFA-120 99 54 90.7% 17.9%
Fieldmaster model 101-PR 1,019 436 96.1% 4.7%
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COST CONSIDERATIONS

In analyzing the efficacy of automated perimetry, cost must be a consider-
ation. Automated suprathreshold static perimeters have done relatively well
regarding cost containment. The simplicity of the testing technique has per-
mitted the development of these moderately low cost devices. In our modern
cost conscious health delivery system, this becomes a significant consider-
ation.

FUTURE DEVELOPMENTS

Our experience suggests that the future development of automated supra-
threshold static perimetry is dependent upon several important factors. These
include: (1) a quantitative empirical basis for defining the distribution and
number of target locations necessary for performing automated suprathreshold
static perimetry; (2) the development of specialized test protocols to evaluate
specific types of visual disorders; (3) an updated method of data represen-
tation for automated suprathreshold static perimetry. After having viewed
thousands of visual field results from automated suprathreshold static peri-
metry, we still find them to be more difficult to interpret than the traditional
data representation methods used in manual perimetry. The general problem
of data representation for visual field information, irrespective of manual or
automated testing, is a significant problem that requires further attention.
(4) Perhaps the most significant development for automated suprathreshold
static perimetry will be the establishment of well-defined standards. Clearly,
as the field of automated perimetry advances from its infancy, the standards
will need to be modified. However, it is desirable to achieve some consistency
among automated devices before their pathways become too divergent. We
feel that one of the greatest advantages afforded by automated perimetry is
the capability of achieving widespread standardization of stimulus conditions
and test procedures, a goal that should be easier to achieve for automated
devices than for existing manual techniques. The role of automated static,
kinetic and suprathreshold static testing procedures in the development of
the ‘ideal’ automated perimeter remains to be seen. Factors such as cost,
simplicity of operation, ease of data interpretation and reliability in detecting
and following visual field loss will determine the type of device to gain ac-
ceptance by the practicing eye care specialists throughout the world.

SUMMARY

Automated suprathreshold static perimetry is now a reality, and has been
shown to be an effective method of accurately detecting visual field defects.
The capabilities and limitations of this technique for detailed assessment of
visual field loss and following the progression and/or regression of visual field
defects remains to be determined. Future developments many enhance the
effectiveness of this form of automated visual field testing.
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OF VISUAL FIELD EXAMINATION
IN CLINICAL ROUTINE

RELIABILIT

T. NEUHANN & J.-H. GREITE

(Munich, FR.G)

ABSTRACT

152 eyes of 86 patients with retinal diseases affecting the periphery as well as the center,
and glaucoma visual defects were examined with the Fieldmaster 200 and Octopus.
Manual kinetic perimetry with a Goldmann perimeter was used for comparison, to find
out how reliable field defects are, detected by a single examination. Patients aged be-
tween 20 and 50 years have shown in about 94% reliable results.

In the age group 51-70 years still 90% gave good answers in visual field examination.
Patients aged over 70 years gave only in 25% reliable answers in their examinations.

The reliability of defects in visual fields is not different between the Fieldmaster and
the Goldmann perimeter, while the Octopus provides objective data for their evaluation.

INTRODUCTION

Due to the rapid development of automated perimetry, a variety of instru-
ments is available today, creating new problems for the ophthalmologist by
their differences in controls, programs, measuring units, stimulus variables,
results display etc. (5, 10). What the practitioner is primarily interested in is
how efficient such a perimetry is.

First experiences with new automated perimeters have recently been
reported by numerous authors (1-4, 6,9, 11, 12). We are fully aware that
a direct comparison of fully automated, semi-automated and manual per-
imeters is virtually not permitted. Since, however the Goldmann perimeter
is the most widely used instrument today, the practicability of any newly
developed perimeter will be evaluated in comparison to it.

Thus, we do not intend to give you an evaluation of the quality of each
one of these systems; what we have examined instead, is how reliable a single
examination with either one of the above systems is in detecting visual field
defects.

METHOD

The examinations were carried out on a Goldmann perimeter, the semi-
automatic system Fieldmaster 200 and the fully automated perimetric
system Octopus. The following table contains the principal differences
among the three perimeters:
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Table 1 Shows the principal differences among the three named perimeters (see also
text).

OCTOPUS FIELDMASTER GOLDMANN
Strategy static static kinetic
Stimulus in random spatial order in random spatial by examiner
presentation in a square grid of order in a pre-fixed

variable size grid
Stimulus size variable not variable variable
Exposure time fixed variable variable

Stimulus varied to determine to be preset to be preset
luminance threshold by
repetitive bracketing
Surround field automatic manual manual
calibration
Setting of by examiner by patient by examiner
fix. contr.
Fix. contr. by infrared by infrared visually
TV-monitoring and cell monitoring
visually
Result display electronic data semi-automatic manual
storage and three
kinds of graphic display
System fully automatic semi-automatic manual

While with the Octopus the threshold for every tested spot in the field is
determined by means of a repetitive bracketing technique, the information
provided by the Fieldmaster is, whether the threshold of the tested area in
the field is above or below the preset luminance, for the fixed target size.

We have examined 152 eyes of 86 patients (Table 2). They were first
examined on the Goldmann perimeter all by the same technician. On the
following day, instruction and examination on the Octopus was performed
by one of the authors (TN). Finally, instruction and testing was carried out
on the Fieldmaster, model 200, also by one of the authors (TN).

For optimal program selection with the automated systems, different
procedures were used for

group I: patients with retinal diseases, affecting the periphery as well as the
center and for
group II: glaucoma patients.

In group I, the 90° field was tested using the Octopus program 21. Back-
ground luminance was calibrated automatically before each examination,
target size was standard size 3. On the Fieldmaster, program 2 was chosen for
the left eye, program 3 for the right eye; the background luminance was set
at 31.5 asb, the stimulus luminance at 134 asb, both figures corresponding to
the recommendations given by the manufacturer.

In the second group, the 30° field was tested on the Octopus using pro-
gram 31. On the Fieldmaster, program ‘central 30°> was chosen; background
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Table 2 Shows the exact numbers of the examined patients and the age groups.

A G E G R 0 U P 1 G R 0 U P II
(years) central +peripher glaucoma visual
retinal diseases field defect
20 - 50 28 patients 11 patients 39p
53 eyes 19 eyes 72e
51 - 70 13 patients 14 patients 27p
25 eyes 24 eyes 49e
over 70 6 patients 14 patients 20 p
9 eyes 22 eyes 3le
total 86 patients

152 eyes

Iuminance was the same as above, the stimulus luminance, however, was set at
43 asb, also corresponding to the manufacturer’s recommendations.
The patients tested were further subdivided into three age groups:

20—50 years
51-70 years
over 71 years

RESULTS

In the patients aged between 20 and 50 years, the results were almost identical
with all three methods. Small paracentral relative defects, however, were
only detected on the Octopus. Two patients, who had been examined for
diffuse ‘pressure’ in both eyes, exhibiting a concentric field constriction had a
significant percentage of false negative responses on the Octopus. This led to
more detailed anamnestic exploration and finally made the diagnosis of a
psychogenic visual disturbance possible. On the Goldmann perimeter and the
Fieldmaster, the false negative nature of the responses had not been so clearly
demonstrable.

The patients in the second group, i.e. 51 to 70 years, also presented a sur-
prisingly high quality and coincidence of the findings with all three methods.
False positive and false negative responses occurred only occasionally. Fix-
ation was generally sufficient to allow for good information to be drawn
from the examinations. Here, too, small paracentral relative scotomata were
detected only by the Octopus, but could then be reproduced with the Gold-
mann perimeter and, by adjusting test luminance, with the Fieldmaster.

The third age group of those over 71 years, was not only the smallest, but
also the most difficult to test. Diabetic and glaucomatous eye disease were
predominant. Whereas in all 20 patients Goldmann perimetry was performed
very sensibly, testing on the Octopus and on the Fieldmaster proved to be
extremely difficult. The main sources of errors were the following:

— Premature replies: these occurred when the response to the previous stimu-
lus coincided with the new stimulus.
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— Insufficient fixation.

— Physical disabilities: this can result, for example in insufficient setting of
the fixation target by the patient with the Fieldmaster, thus making
proper fixation and reproducibility impossible.

False positive and false negative responses occurred frequently. The mean
fluctuation, given in dB, by the Octopus was significantly higher than in the
precedent age groups. Thus, the accumulation of these interfering factors
with the automated perimetry often reduced its reliability to a minimum.
This, however, is by no means to say that patients above the age of 70 cannot
perform good perimetry: We also had excellent results with none or only few
false negative or positive responses, low fluctuation rate and good reproduc-
ibility. It was the frequency of unreliable responses that was noticeable. The
overall reliability results are presented in Fig. 1.

% | reliability

90

60 94,8 %

89,9 %
30
25.0 %
20 50 70 years age
Fig. 1. Reliability in different age groups.
COMMENT

Focussing back on our question, how reliable are visual field defects detected
by a single examination with each one of the three methods, it may be
answered as follows:

Under optimal conditions, that is a well-observing, cooperative patient and
a trained perimetrist, all three methods are of virtually identical reliability in
detecting field defects, the Octopus being somewhat superior in detecting
small paracentral relative scotomata under the conditions of this trial. When
the preconditions are less favorable, a sensible manual Goldmann perimetry
may well prove superior to automated systems. However, with the Field-
master or the Goldmann perimeter, the examiner must try to get a clue as to

60



the reliability of the patients. The Octopus provides plenty of objective data
for the evaluation how good or how bad the result is. Thus, w1th the Field-
master or the Goldmann perimeter the reliability must be judged subjectively
for the examination, whereby false positive or false negative responses may eas-

ily be overlooked, while the Octopus offers objective data for its evaluation.
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PSYCHOPHYSICAL AND ELECTROPHYSIOLOGICAL
DETERMINANTS OF MOTION DETECTION

ROBERT P. SCOBEY

(Davis, Calif. US.A))

ABSTRACT

Displacement thresholds for moving line targets were measured for man and for retinal
ganglion cells of cat and monkey. Several studies are summarized and should be of inter-
est for perimetry. A luminous line was stationary at one site and moved at constant
velocity to a test site where it again remained stationary. The optimal stimulus para-
meters for kinetic perimetry were considered to be the range of target luminance, line
length and duration of motion which produced minimum and consistent thresholds For
durations of motion below 0.5 seconds, displacement thresholds remained constant for
both foveal and peripheral (18°) vision Increases in stimulus luminance and line length
produced a successive reduction in displacement thresholds in peripheral vision, whereas
foveal displacement thresholds were essentially unaffected by these variables. Displace-
ment thresholds were as small or smaller than acuity measures throughout the central
40° of visual field.

INTRODUCTION

Detection of motion is of practical interest in kinetic perimetry. Although the
visual literature spans a period of over 100 years, the effect of some stimulus
parameters on motion thresholds is unknown. Little is known about the
neural mechanisms for detecting motion in the primate visual system.
Furthermore, there are technical difficulties in motion studies which are not
present in studies with static targets. Perhaps it is not surprising that the
optimal parameters for motion are not yet established.

There are several stimulus paradigms used in motion studies (2). The dis-
placement threshold is the smallest distance that a target can be detected as
changing in position. Displacement thresholds have been obtained under
nearly identical stimulus conditions for man using psychophysical techniques
(5) and for retinal ganglion cells in monkey using electrophysiological tech-
niques (7). In these and other studies, a stationary luminous target was seen
against a constant background. It moved at constant velocity from the initial
site to a test site where it again remained stationary. This stimulus paradigm
has the theoretical advantage that the response to motion is not confounded
with the response to onset and offsets of a flashing target. It has the practical
advantage that the time delay between neural excitation and response does
not change the motion thresholds because the subject does not respond until
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motion is completed. These advantages are the basis for our selection of dis-
placement threshold as a measure of motion detection.

METHODS

The methods used for the psychophysical experiments on humans and the
electrophysiological experiments on Rhesus monkey have been reported in
detail (5,7). A brief description is given here. A cathode ray tube (CRT)
stimulator provided a ‘white’ line target that could be controlled with the aid
of a minicomputer. In the psychophysical studies, the stimulus was seen
against a uniform background of 10cd.m™ at a distance of 1m. Similar
stimulus conditions were used for anesthetized animals. Optimal refraction
was placed before the test eye.

Psychophysical displacement thresholds were obtained by a randomly
interleaved double staircase with a variable step size. An average of 10 re-
versals at the minimum step size was used as a threshold value. The presen-
tation order of the stimulus conditions was counterbalanced across 4 sessions
and these 4 thresholds were averaged to give the data points in Figs. Ic, 2a,
2b. The line through the data points was drawn by eye to average the data of
two subjects. Both subjects exhibited a corrected visual acuity of better than
20/20, had no ocular abnormalities and received extensive practice in the task
before collection of the data.

The stimulus paradigm is illustrated in Figs. 1A, 1B. The stimulus line was
stationary at the initial site until the subject pressed the start button on his
control panel. Then the stimulus line moved at constant velocity to the test
site and stopped. After the subject responded, the line returned to the initial
site and waited for the subject to proceed.

Displacement thresholds were measured as a function of movement duz-
ation, line length and luminance of the target in the fovea and at 18° eccen-
tricity in the nasal field (horizontal meridian). In order to isolate the effects
of an individual parameter, it was necessary to select constant optimum
values for other stimulus conditions while testing one parameter. A move-
ment duration of 80 msec, a stimulus luminance of 1.0log unit above the
increment threshold, and a line length of 40 minutes of arc were used as
standards. As a single stimulus parameter was varied, the other stimulus con-
ditions were adjusted to these standard values.

RESULTS
Psychophysics

At each duration of movement, displacement thresholds at 18° eccentricity
were higher than for fovea, although the overall shape of the functions for
both visual field locations was highly similar (Fig. 1c). Notice that the dis-
placement thresholds were essentially constant for motion durations between
0.005 and 0.5 sec. This is a two log unit range over which minimum (optimum)

64



A U*

DISTANCE
>

TIME

24 -

12 4

MINUTES OF ARC

Dy

o]

f T
0.005 0.05 0.5 50
T SECONDS

Fig 1. Displacement threshold as a function of duration of motion.

A. The stimulus line is shown as seen by the subject. B. The position of the stimulus line
is plotted as a function of time. C. Data for two subjects and two eccentricities are illus-
trated. Data (Fig. 1c, 2a, b) was replotted from the study of Johnson and Scobey (in
press) to show the average of two subjects as the continuous line. Symbols for subjects
in this figure are also used in Fig. 2.

motion thresholds can be obtained. It is likely that faster motion would give
similar thresholds. Thus, for motion thresholds obtained in this manner, the
optimum duration of motion is any duration less than 0.5 sec.

Displacement thresholds were obtained as a function of stimulus line length
with the duration of motion and luminance held at the aforementioned stan-
dard values (Fig. 2a). In contrast to the results obtained for various durations
of movement, the displacement threshold functions for line length exhibit
rather significant differences between foveal and peripheral viewing. Foveal
displacement thresholds were essentially independent of the length of the
stimulus line. At 18° eccentricity, however, displacement thresholds exhibited
a progressive decrease for longer stimulus lines up to approximately 30’,
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Fig. 2. Displacement threshold as a function of line length, luminance and eccentricity.
A. The displacement threshold is plotted as a function of line length (L in Fig. 1). In
foveal vision (0°), the displacement threshold is independent of line length. In peripheral
vision (18°%), the displacement threshold decreases markedly with line length. B. The
displacement threshold is plotted as a function of luminance. C. Displacement threshold
is plotted as a function of eccentricity in the visual field. Data for the displacement
thresholds were taken from three studies, see text. For comparison, the normal resolution
properties determined with stationary flashing spots is shown as the dotted line (Johnson,
Keltner and Balestrery, 1978).
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beyond which displacement threshold changes were rather minimal. There-
fore, optimal line length for eccentricities up to 18° would be about 30’ or
more.

Displacement thresholds were obtained as a function of stimulusluminance
with the duration of motion and line length held at the standard values (Fig.
2b). A slight decrease in foveal displacement thresholds for increases in stim-
ulus luminance of approximately 0.3 log units above the increment threshold
was found. A more dramatic effect of stimulus luminance was found for four
displacement thresholds at 18° visual field eccentricity. Changes in displace-
ment threshold were minimal for stimulus luminance greater than 1.0 log unit
above the increment threshold. Thus, over the central 18° of viewing, the
value of luminance for optimal motion detection would be a target luminance
about 1 to 2log units above the increment threshold.

In Fig. 2c, displacement thresholds are plotted as a function of eccentricity
in the visual field. Two data points are from this study while the others were
measured by Basler (1) and Scobey and Horowitz (7). Although stimulus con-
ditions were not identical in these studies, measurements are similar, indicating
that the displacement threshold increases progressively with retinal eccen-
tricity. The minimum angle of resolution for acuity of static targets has not
been obtained under identical conditions as the motion studies. Nevertheless,
we can compare cautiously motion and acuity thresholds. The dotted line
represents resolution properties determined by the discrimination of circle
and square targets (4). The tentative comparison suggest that motion thresh-
olds are less than acuity thresholds.

Electrophysiology

When the size of receptive fields of single units in the visual system are deter-
mined with stationary flashing spots, it is found that the receptive field is
always much larger than the displacement threshold. For example, displace-
ment thresholds as small as 15" in human foveal vision have been reported
(8). Diffraction of light alone would produce larger receptive fields. Retinal
ganglion cells respond to movements which are much smaller than the diam-
eter of their receptive fields (6). An example will illustrate the mechanism for
" this exquisite sensitivity to motion.

In this experiment on a single retinal ganglion cell of monkey (unpublished
data), a spot of light (3") was positioned along the diameter of the receptive
field and flashed with different luminance until a barely detectable increase in
discharge rate was evoked. The reciprocal of threshold luminance was plotted
on the ordinate of Fig. 3A to define the sensitivity profile of the receptive
field. The nearly symmetric sensitivity profile had a maximum sensitivity to
the onset of the flashed spot in the center of the receptive field.

Post-stimulus time histograms (20 iterations) were made following a small
displacement (T = 4 msec) of the luminous spot from a site near the edge of
the receptive field to a site of higher sensitivity. The spot was 2log units
above the minimum increment threshold. A 8.6" displacement evoked a large
response. Note that the spot of light moved to a more sensitive site in the
receptive field (difference of about 0.6log units). Smaller displacements
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Fig. 3 Response of monkey retinal ganglion cell to small displacements within its recep-
tive field center.

A. The sensitivity profile of a phasic on-center type unit from the peripheral retina of
monkey (about 24° in the nasal retina) is plotted to define the location of the receptive
field and illustrate the sensitivity to stationary flashing spots. The same small spot of
light (3") used for plotting the sensitivity profile was displaced in the receptive field
center to evoke the histograms in Figs. 3B, C, D. The initial site for all three displace-
ments is the same. The final position of the displacement for 3B (8.6") is illustrated in A
as dotted lines. The final site was about 0.6 log units more sensitive to stationary flashing
light than the initial site. Smaller displacements caused correspondingly smaller responses.

moved the spot to less sensitive sites and a correspondingly less response was
obtained (Figs. 3¢, d). Displacement threshold was found to be the distance
required to move the spot to a site that has a sensitivity increase equal to the
increment threshold in that region of the receptive field (7).

Minimum displacement thresholds of on- and off-type retinal ganglion cells
are similar in magnitude, but occur in different parts of the receptive field. A
response to image displacement was found when a luminous spot moved toa
site of lower sensitivity in off-type fields. Recent unpublished studies indicate
that all retinal ganglion cells respond to small displacments. While quantitative
differences have been identified between different types of cells, the major
determining factor for motion sensitivity was the sensitivity gradient of the
receptive field.

DISCUSSION

These findings indicate that reliable and small motion thresholds can be ob-
tained with a stimulus line which is stationary at site 1 and moves to site 2
where it again remains stationary. Motion thresholds obtained in this manner
obey a simple rule: to detect movement, a stimulus must travel a distance
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equal to the minimum displacement threshold (for the specific visual field
location) within 0.5 sec or less.

The results for various line lengths reveal differences across the visual field.
As previously reported by Graham (3), foveal displacement thesholds were
essentially independent of line length. On the other hand, peripheral displace-
ment thresholds exhibited a summation-type function; displacement thresh-
olds decreased with line length up to about 30', after which threshold reduc-
tions were more gradual.

Substantial changes in displacement thresholds were found as a function of
line luminance in the periphery (18°), but not in the fovea. These findings
correlate well with receptive field characteristics (Johnson and Scobey, in
press). Changes in displacement threshold were minimal with luminance more
than one log unit above increment threshold.

The displacement threshold paradigm provides a means to examine cellular
response of single units under similar stimulus conditions as used in psycho-
physical studies. Likewise, theoretical predictions from electrophysiological
experiments on subhuman primates are being used to design experiments for
testing human visual fields. Thus, both models based on neural response and
empirical data are available for choosing optimal parameters for motion
studies.

It is not yet possible to state that the techniques described here have
distinct advantage in detecting pathology from the use of conventional
kinetic or static perimetry. Studies to date suggest that the displacement
threshold paradigm can have significant increase in spatial resolution over the
detection of a slowly moving spot as used in the Goldmann Perimeter.
Optimum parameters for displacement threshold measures have a broad range
of parameter values which yield optimum motion detection. Unfortunately,
commercially available perimeters lack necessary stimulus control to imple-
ment these advantages in clinical perimetry.
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PERIMETRY AND PATTERN — VECP
IN CHIASMAL LESIONS

F. DANNHEIM, A. MULLER-JENSEN & S. ZSCHOCKE

(Hamburg, F.R.G.)

ABSTRACT

Pattern-evoked cortical potentials proved as a useful tool for the detection of chiasmal
lesions in 27 patients, when hemifield stimulation was applied. Both the reduction of the
amplitude and the latency delay correlated well with the degree of subjective perimetric
changes evaluated by a highly sensitive technique.

INTRODUCTION

Objective perimetry with the aid of Visual Evoked Cortical Potentials (VECP)
has successfully been employed in patients with demyelinating disease (1 and
others). The diagnostic value of VECP in compressive lesions of the visual
pathways has not been convincing (2, 3, 5, 6). In this report an attempt is
made to evaluate the possibilities and limits of hemifield pattern-evoked
potentials in chiasmal lesions in comparison with subjective perimetry.

MATERIAL AND METHODS

27 patients with reasonably good cooperation had been examined. A pituitary
adenoma was surgically verified in 17 patients, suspected in 4. The others
suffered from craniopharygeoma, epidermoid cyst, demyelinating disease,
trauma and aneurysm of the carotide artery.

Visual fields have been taken with a TUEBINGEN perimeter, an OCTO-
PUS computer perimeter, or both. In the examination emphasis was placed
on the evaluation of shallow paracentral defects which often are missed in
clinical routine. The degree of changes has arbitrarily been divided into
severe (Fig. 1a), moderate (Fig. 2a, above; Fig. 3a) or minimal (Fig. 2a,
below).

Cortical potential analysis was performed by checkerboard reversal stimu-
lation with an electronic triggered video device. The pattern was monocularly
presented at 1 m distance subtending a visual angle of 30° x 25°. The size of
each single square was 0.76°, the temporal frequency 2/sec. Stimulation of
the whole field was followed by stimulation of the temporal or nasal hemi-
field. Occipital midline cortical potentials were recorded and graphically
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Fig. 1a Severe bitemporal visual field defects due to a pituitary tumor, plotted with the
OCTOPUS computer perimeter, program 32.
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Fig. 1b VECP with whole field stimulation (above): OD with normal wave form, OS
with slight reduction of amplitude and delayed latency. Hemifield stimulation (below):
No distinct response for both temporal hemifields (extreme right and left); wave form
for nasal hemifield OD normal, OS moderately deformed and delayed.
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Fig. 2a. Moderate bitemporal field defects due to a pituitary adenoma (above), kinetic-
ally plotted with a TUEBINGEN perimeter (30°). OS with minimal alterations also in
the nasal paracentral hemifield. Marked improvement to minimal bitemporal defects
after removal of the tumor (below).
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Fig. 2b. VECP with whole field stimulation (above): OD with some deformation and
delay preoperatively (upper tracing) and normal wave form postoperatively (lower
tracing); OS with marked deformation and delay preop. and normal wave form postop.
Hemifield stimulation (below): Marked deformation and delay bitemporal and minimal
changes in the nasal hemifields before operation. After surgery OD with normal wave
form for both hemifields, OS with some deformation and delay for the temporal hemi-
field only.
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Fig. 3a. Moderate bitemporal defects before removal of a pituitary adenoma, plotted as
in Fig. 2a).
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Fig. 3b. VECP with whole field stimulation (above): Normal wave form for both eyes.
Hemifield stimulation (below): Slightly deformed wave form only for the temporal
hemifield of OD.

evaluated for latency, amplitude and wave form. Alterations were classified
as severe, if no potentials could be obtained in the affected hemifield (Fig.
1b). A reduction of amplitude of at least 1/3 as compared to the unaffected
hemifield and a definite latency delay for the first negative component was
graded as moderate change (Fig. 2b, preop.). Lesser degrees of asymmetries of
the two hemifields were judged to be minimal (Fig. 2b, left eye postop.; Fig.
3b, right eye). All these recordings had not been available to the perimetrist
in the subjective testing procedure.
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RESULTS

From the 27 patients all had changes for subjective perimetry in one or both
eyes due to a chiasmal lesion except for one patient with an enlarged sella and
refraction scotomata in both eyes. Only 4 out of 26 patients were not found
to be abnormal by VECP, all of which having minimal perimetric alterations.
The one patient with refractional defects was correctly classified by VECP in
showing the expected general reduction of potentials (4) without hemiopic
asymmetries. The findings of VECP were never pathological, when subjective
perimetry was undisturbed.

Such good results could only be obtained by hemifield stimulation: 21 of
all 38 eyes with pathological VECP-findings would have been missed, if only
the whole field had been stimulated. In these 21 eyes the degree of alterations
for perimetry or VECP was about equally distributed in minimal, moderate
and severe and the nasal hemifield was unaffected (Fig. 1, right eye; Fig. 2,
left eye postop.; Fig. 3, right eye). To correlate the degree of alterations for
the subjective and objective test all 54 eyes were evaluated separately. Two
eyes of one patient entered twice due to a marked improvement following the
removal of a pituitary adenoma (Fig. 2).

There is a good correlation (Fig. 4): In the majority the degree of alter-
ations was the same. Less changes in VECP than expected from perimetry
occurred in 12 eyes. The deviation of response was only 1 group except for
one eye with a deviation of 2 groups (Fig. 3, left eye). More pronounced
changes in VECP than expected was present in 11 eyes, which had moderate
or severe findings for VECP and falling off the ideal correlation by 1 group.

VECP:
normal minimal moderate severe
PERIMETRY:
normal 7 7
minimal 9 2 7 18
moderate 1 2 10 4 17
severe 14 14
17 4 17 18 56

Fig. 4. Correlation of perimetric and VECP findings in 56 eyes of 27 patients with
chiasmal lesions. Description of degree of alterations in the text. Optimal correlation
along the diagonal, especially marked.
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With a reduction in size of checkerboard squares as was performed in the

last few patients of the series, a minimal alteration was found in one eye
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The latency of the cortical response could be assessed with sufficient ac-
curacy in 18 of 21 eyes with moderate or minimal changes (Fig. 5). All values
except one fall outside the normal range of latency of +2.5 sd. All values for
the perimetrically unaffected hemifields except one lie in the upper half of
the normal range.

VECP:
normal
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Fig. 5. Scattergram of values for latency of the first negative component of the VECP.
Normal range (109 ms +2.5sd) marked grey. Bottom line: 15 values of moderately
affected hemifields, with one exception outside of the normal range. Middle line: 3
values of minimally affected hemifields outside of the normal range. Upper line: 35
values of unaffected hemifields, all except one in upper half of normal range.

COMMENT

The arrangement of this study differs from others in the relatively high num-
ber of cases not only with extensive, but also with moderate or minimal
functional alterations (2, 3, 5, 6). The perimetric evaluation was performed
with higher sensitivity; VECP were recorded with hemifield checkerboard
stimulation of low temporal frequency.

The results disclose a better correlation of the two test procedures: Not
only does the reduction of amplitude follow that correlation, but also the
latency delay in the affected hemifields. Both features may improve following
the removal of the compressive lesion. Stimulation of the whole field yielded
a considerably higher rate of false negative findings. A reduction of visual
acuity unrelated to the chiasmal lesion produces lower cortical potentials and
thus limits the possibility for an accurate evaluation. A reduction of the size
of checkerboard squares does also result in lower amplitudes. It may enhance
the sensitivity of cortical responses in certain cases, however, and reduce the
rate of false negatives even more.
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VISUAL FIELD (VF) VERSUS
VISUAL EVOKED CORTICAL POTENTIAL (VECP)
IN MULTIPLE SCLEROSIS PATIENTS

J. T.W. VAN DALEN, H. SPEKREYSE & E. L. GREVE

(Amsterdam, The Netherlands)

ABSTRACT

29 Patients with multiple sclerosis were examined by means of static perimetry and
visual evoked cortical response. In 16 eyes with a normal VECP an abnormal visual
field was detected, while in 2 eyes with a normal visual field an abnormal VECP was
found. Static perimetry appears to be at least as sensitive as VECP.

INTRODUCTION

During the last few years several examinations have been added to our diag-
nostic schemes in multiple sclerosis patients. For instance color vision tests
(1) and grating sensitivity tests (2), are very sensitive in demonstrating de-
myelination in patients with multiple sclerosis. Therefore we felt the need
for a comparison of visual field (VF) and visual evoked cortical potential
(VECP) examinations in multiple sclerosis patients. A comprehensive review
of our results will be published elsewhere.

METHODS

Subjects. 29 Subjects (19 women and 10 men) with well documented multiple
sclerosis (3) were examined. All patients had a complete ophthalmological
and neurological examination. Seven patients (8 eyes) had a history of at
least one attack of optic neuritis; 22 patients never experienced any visual
symptoms suggesting involvement of visual pathways (the so-called asympto-
matic group).

Visual field examination. The fields were assessed by means of:

— Friedmann visual field analysis
— Kinetic perimetry
— Static perimetry.

Visual evoked cortical potential. The visual evoked cortical potentials were
obtained by checkerboard stimulation on a TV-screen. The checksize was 20"
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and 55'. The pattern reversal frequency was 2Hz and 10Hz. The VECP
latency was considered to be abnormal when the latency of the major positive
peak was more than 126 msec. (For further details see 4 and 5). VF and
VECP were determined on the same day.

RESULTS

Examination results per patient. 22 Patients showed a delayed VECP (in one
or both eyes). Twenty-one of these 22 patients showed an abnormal visual
field (in one or both eyes). Seven patients had a normal VECP. From these
patients 5 had an abnormal visual field.

Examination results per eye. In 32 eyes (out of 58 eyes: 55%) an abnormal
VECP was found and in 46 eyes (79%) an abnormal VF, i.e.:

— In 10 eyes a normal VF and VECP were found,

— In 30 eyes an abnormal VF and VECP were found,

— In 2 eyes with a normal VF an abnormal VECP was found, but on the
other hand

— In 16 eyes with a normal VECP an abnormal VF was detected!

N.B. In the series of 8 eyes with a history of optic neuritis an abnormal VF
and VECP was found in 6 eyes, while there was a discrepancy between the
VF and the VECP in the remaining 2 eyes.

The above mentioned data suggest that VF assessment in multiple sclerosis
patients is at least as informative as determination of VECP,

Visual field defects. The visual fields in our patients show interesting, charac-
teristic defects. Of 46 eyes in which a defect was found, in 6 eyes only a
central defect was detected, while 28 eyes showed a central defect and a
defect in the intermediate visual field and 12 eyes showed a defect in the
intermediate visual field only. (The intermediate visual field in this context
means between 10° and 30° of eccentricity.)

In these 12 eyes a delayed VECP was found in 5 eyes. In Fig. 1a-b and
Fig. 2a-b characteristic field defects in two of our multiplie sclerosis patients
have been shown. We often noticed relative patchy small scotomata 10°—
20° off center. These intermediate area defects assessed by static perimetry
turned out to be much more pronounced than could be suspected on the basis
of a Friedmann visual field analysis. Often Friedmann visual field analysis did
not detect any significant abnormalities in these regions, where static peri-
metry was extremely helpful. Kinetic perimetry did not provide any infor-
mation in the asymptomatic group.

DISCUSSION AND CONCLUSION

In our asymptomatic group (50 eyes) in 26 eyes (52%) an abnormal VECP
was found. This is consistent with previous studies that demonstrated a VECP
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Fig. 1
A. Approximately normal Friedmann visual field analysis of the right, asymptomatic

B.

eye of a 39-year-old female patient.

Static perimetry (45°~225°) of the right eye shows remarkably deep defects 10°—
20° off center. These defects are much more pronounced in the static profile than
could be suspected on the basis of a Friedmann visual field analysis. The VECP of the
right eye was delayed.
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Fig.2
A Friedmann visual field analysis of the asymptomatic right eye in a 22-year-old male
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patient. There are many small defects with extremely strong scattering. The other,
also asymptomatic, eye showed the same pattern.

. Static perimetry (45°—225°) of the right eye shows marked defects in the peripheral

parts of the visual fields. Scattering is less pronounced. The VECP of the right and
left eye were normal.



delay in nearly 100% of the eyes previously affected by optic neuritis and in a
far lower percentage (approximately 60%) of visually asymptomatic eyes in
patients with multiple sclerosis. Visual fields were abnormal in 40 eyes in the
asymptomatic group (80%). This is a higher percentage than has usually been
described in literature; e.g. Ellenberger and Ziegler (6) found an abnormal VF
in 14% of their asymptomatic group. Static perimetry was extremely useful,
especially in the asymptomatic group. By means of static perimetry we were
able to obtain a more precise measure of the density of a scotoma (often
unsuspected on the Friedmann visual field analysis).

In 16 eyes with a normal VECP an abnormal VF was detected; in only 2
eyes with a normal VF an abnormal VECP was found. There is no apparent
explanation why the VECP is normal with an abnormal VF. It appears, how-
ever, that there is a high correlation of VECP and VF abnormalities when
there are central as well as more peripherally localized VF defects.

As a final conclusion we would like to stress once more the fact that
careful visual field assessment is very valuable in multiple sclerosis patients.
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QUANTITATIVE PERIMETRY IN OPTIC SUBATROPHY
FROM PREVIOUS OPTICAL NEURITIS
IN MULTIPLE SCLEROSIS

A. SERRA & C. MASCIA

(Cagliari, Italy)

ABSTRACT

The present report deals with patients suffering from multiple sclerosis (MS) with and
without optic neuritis. We tested central visual function (visual acuity, colour discrimi-
nation, cortical evoked potential), peripheral vision (isopter and profile perimetry) as
well as ocular motility (fusional amplitude).

The attack of neuritis is found to deteriorate both central and peripheral vision.
Significant differences are found between the affected eye and the contralateral non-
affected eye. The time elapsed after the detection of MS seems to be responsible for
some contradictory effects: a slight improvement of central visual acuity and on the
other hand a deterioration of the perimetric profile even in the contralateral eye without
episodes of neuritis.

At last a dot-gram is suggested, to give an idea of the overall level of deterioration of
visual function, in every patient: here the responses to various tests are weighted ac-
cording to four step scales.

We tested a sample of 41 patients (ranging in age from 17 to 37 years), suffer-
ing from multiple sclerosis (MS). In the history of 21 of these patients, an
attack of optic neuritis (ON) was recorded. This was not the case for the
other 20 ones. We are mainly interested in the after-effects of the attacks of
neuritis. For this, in addition to qualitative reports about the aspects of the
optic disc, we gathered quantitative data about functional impairments con-
cerning both central vision (visual acuity, colour discrimination, pattern
evoked potential) and peripheral vision (both isopter and profile perimetry).

RESULTS

Visual acuity. The attack of neuritis is followed by a long-term reduction in
visual acuity (VA).

Colour discrimination. The total score (TS) from the F-M 100-hue test is
found to be abnormal in the majority of our patients [1-24-5-7] ; the TS in-
creases when the pattern of the response evolves from a tritan-tetartan defect
to a R-G axis defect and to an anarchic tracing (Fig. 1). The distribution of
the response patterns across the samples of patients with or without neuritis
is shown in Table 1.
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Relation between colour discrimination and visual acuity . The correlation [7]
between VA and TS' (that is the total score corrected for age effect according
to Verriest’s normal standard) is found to be significant. The equation of the
linear fit was found to be:

TS' = —430 VA + 600
(our slope being very close to that produced by Verriest for his MS patients).

Table 1. Number of MS patients showing some 100-Hue response patterns.®

Y-B axis R-G axis Anarchic
(tritan, tetartan,
trit./tetart.)

Without neuritis 47 15 6
With neuritis 1 6 6

* Right and left eyes are tested separately. Some patients give normal 100-Hue responses.
They are not considered here.
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Interocular functional differences in cases of monolateral attacks of optic

neuritis. Colour discrimination is worse (higher TS) in eyes after attack of
optic neuritis than in contralateral eyes with no history. Similarly, visual
acuity is worse in the attacked eye [3], in nine out of 13 patients at least.

Influence of time (d) after detection of MS. There seems to be a slight mean
improvement in visual acuity as time after MS detection increases. This does

not seem to be the case for colour discrimination (Table 2).

Table 2. Mean visual acuity (VA) and Total Score (TS"), cor-
rected for age effect) for samples of subjects according to the
time (d) elapsed since the detection of MS.

d (years) VA TS’

Less than 1 0.67 £ 0.34 341 + 105
2-3 0.68 + 0.37 253+ 159
46 0.70 £ 0.22 256 £ 190
7-8 094 + (.13 353 £ 212

Evoked potentials. Both pattern (checkerboard) and blank evoked potentials
are recorded monopolarly, in the transient state [8]. A negative wave (N1),
peaking before 100 ms, and a positive wave (sometimes bi-peaked, P1 and P2),
culminating between 100 and 200 ms are considered. Latencies to peak, for
the tested patients, are compared to those of a normal sample.

Interocular differences in culmination times. Responses recorded from either
eye of patients with monolateral attacks of optic neuritis are compared to
those of patients suffering from multiple sclerosis without optic neuritis. For
this, we estimated the differences in culmination times P1-N1 and P2-P1.
Right eye estimates, for MS patients, are plotted versus left eye estimates.
Dashed area in Fig. 2 denotes the range mean * standard deviation across the
MS sample. Asterisks and open circles refer to patients with optic neuritis.
The time elapsed after the MS detection (within brackets) does not seem a
relevant factor in this connection.

Isopter perimetry. Responses recorded by means of the Goldmann perimeter
[6] (target 11/2) lead to the results shown in Table 3, where labels n, MC etc.
refer to a classification made by us after inspection of the responses: n for
normal; MC for pericaecal scotoma; SC for central scotoma; DQ for quadrant
defect, SCC for centro-caecal scotoma.

Table 3 Number of MS patients showing the labelled isopter responses.

n MC SC MC + SC MC + DQ SCC
Without neuritis 36 2 0 0 2 0
With neuritis 8 11 1 3 2 1

n = normal; MC = pericaecal scotoma; DQ = quadrant defect; SC = central scotoma;
SCC = centro-caecal scotoma.
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Profile perimetry. In patients with monolateral attack of optic neuritis some
interesting results are found to assess the deviations from normality of the
profiles were recorded along the horizontal meridian. If the MS detection is
rather recent, the profile for the contralateral eye is practically normal while
that of the attacked eye is not. If the date of MS detection is not recent, both
profiles are abnormal. There is probably an effect of the MS, even if not
revealed by a manifest attack (Fig. 3).

Overall evaluation of patient’s responsiveness. To evaluate the overall effects
of the disease on both central and peripheral vision of each patient, including
ocular motility (fusional amplitude), we scored the severity of the defects
according to four point scales.

88



o wrrn ow (d <)

CONTRUNEM O ATIACREL) ()%

;
[
0% P

[1]

10

——

¥ o 20

Ao

X

0

0

I
10

T A

I
|
w

arG5T

OBS AN~ N5 Ny TH5 AL WNE MTECIID AT T T & AI7Nch

2m

rAB-sTR

et

uheeriond

yovrn ow (dv]

CONTINLATERAL [PV ATTACRIONIY

|
-

et
i

1
t
10

9]

10

20

1

g0 242t

Swizertand

KOILITLTT $A FILLY FhlIL
SN

Iy TWS/A

FONLIILAY TVRO/SNS
KOLLVA I/ IS/T 41070
ALINIY 7VS1A

2IVIS PO SIIUS

RIOLLITLIT SKN IILLIY 4074
g1

arrs  ns/a

FOLI TSN Y TVKOISNS
KOVLIRIIAIS 51T Srro70T

A 21728 2872841

AL Vit

OBS CONLAS - /15, /7 TNIS PATIENT, WAS DETECTED 2 y£ars AGO

Fig. 3

FIVOS IO STIELS

r DO0O0AQO0CD0

ORORSRTRONE
: J0emO00C M

4

00000
3 00de0CnO

4 D@00 e

2

gOonpoaoad
OoDooooo

3

4

8)

Fig. 4.

89



Thus, each patient’s situation is summarized by dot-grams like those
shown in Fig. 4. One patient (a), is slightly impaired; the other (b) is severely
impaired.
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DIFFERENCES IN THE VISUAL EVOKED POTENTIALS
BETWEEN NORMALS AND OPEN-ANGLE GLAUCOMAS

BERNARD SCHWARTZ & SRIRAM SONTY

(Boston, Mass., US A )

ABSTRACT

Significant differences were found in the interocular latencies of the visual-evoked poten-
tials between 11 normals and 20 open-angle glaucoma patients with visual field loss in
one eye. A checkerboard pattern comprised of 40 minute checks was projected on the
macular region through a dilated pupil over a §° field by means of a direct viewing hand-
held ophthalmoscope. The checks were alternated at 8 reversals per second. All patients
had visual acuities of 20/40 or better in each eye. The visually-evoked potential was
elicited under steady state conditions and averages were obtained of 64 sweeps. The dif-
ferences in latencies between eyes were measured. The glaucomatous groups showed
larger differences. in latencies than the normals.

INTRODUCTION

The visually-evoked potential (VEP) has become established as a diagnostic
aid in optic nerve pathology (5, 15). The most reproducible change in the
VEP is a latency delay, and abnormally long delays have been reported in
various disorders of the optic nerve.

Since glaucomatous optic nerve disease can be regarded as a form of optic
neuropathy, the measurement of the VEP in glaucoma may prove to be useful
in the diagnosis and evaluation of visual field loss. Several previous studies on
measurement of the VEP in glaucoma have been inadequately controlled for
effects of pupil size and age (3, 6, 9—11). It was the purpose of our study to
control for these factors and to evaluate the association of changes in the
VEP with visual field loss by comparing the differences of latencies between
eyes of the glaucomatous patient with visual field loss in only one eye to the
differences between normal eyes.

MATERIALS AND METHODS

Eleven normals and 20 primary open-angle glaucomas with uniocular field
loss were selected for study. Normal patients were defined as those with
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pressures below 21 mm Hg on two or more examinations with normal optic
discs and visual fields as evaluated by static and kinetic methods with the
Goldmann perimeter. Glaucomatous patients were defined as those with
ocular pressures 21 mm Hg or greater determined on 2 or more examinations,
open angles on slitlamp gonioscopy with glaucomatous optic disc changes and
visual field changes. All glaucomatous patients were on therapy for glaucoma
at the time of the examination. All patients had visual acuity of 20/40 or
better in each eye (Table 1). Any patient with a history of neurological
disease was excluded from the study. The maximum ocular pressure was de-
termined by reviewing the patient’s chart. Percent area of the optic disc for
both cupping and pallor were measured by a series of transparent templates
superimposed upon kodachrome photographs of the optic disc. Cupping was
determined from stereophotographs and pallor from single photographs (12).
Visual field loss was graded (Table 2).

An ophthalmoscopic stimulator was designed to project a checkerboard
pattern reversal stimulus of 9° field size with 40 minute sized checks onto the
retina. A central 2° steady light was used for fixation. The checks were pre-
sented at an alternation rate of 8 reversals per second. The luminance of the
ophthalmoscopic stimulator was 7.1 candles per square meter. Silver elec-
trodes were placed on the earlobes and the active electrode was placed 1 cm
above the inion on the midline. The patient was asked to fixate at the central
2° light in the ophthalmoscopic stimulator. All pupils were ditated with cyclo-
pentolate hydrochloride 1% and phenylephrine 2.5% drops. Sixty-four sweeps
were used for each stimulus and these were averaged by a Nicolet averaging
computer. The interocular latency difference for each subject was determined
by calculating the average difference between eyes in latency of the eight
corresponding positive peaks of the wave forms. Positive values indicate that
the eye with the greater defect was associated with a longer latency than the
fellow eye. Negative values indicate the converse. For glaucomas the differ-
ence was calculated as the eye with the loss of visual field minus the eye with
no visual field loss. For normals the difference was calculated as the right eye
minus the left eye.

Statistical analysis was done using 2-tailed non-parametric tests (14). For
comparison of frequency distributions, the Wilcoxon matched-pair signed-rank
test was used. A p less than 0.01 was chosen for significance.

RESULTS

The eleven normal patients had a median age of 65.3 years while the 20
glaucomatous patients’ mean age was 67.3. For the normals, two patients
were 40—49 years, two were 50—59, six were 70—79 and one was 80—89.
For the glaucomas, one was 40—49, four were 50—59, eight were 60—69, six
were 70—79 and one was 80—89. There was no significant difference between
the frequency distributions of the ages of these groups. Tables 1 and 2 show
the distribution of visual acuities and visual field loss for the normal and
glaucomatous groups.
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Table 1. Distribution of visual acuities for normal and
glaucomatous patients and visual fieid loss

Normals Primary open
angle glaucomas

20/40 0 3
20/30 or 20/25 7 12
> 20/20 4 5
Total i1 20

Table 2. Distribution of visual field loss for glaucoma-
tous patients

Type of visual field loss Grade No. No.

Paracentral scotoma 1
Nasal step 2
Nasal or temporal step —
with paracentral scotoma

Arcuate scotoma 3

Arcuate scotoma and step 4 1
One quadrant loss 5

N Aoy

Total 20

Figure 1 shows the distribution of interocular latency differences for both
the normal and the glaucomatous groups. The glaucomas had significantly
greater interocular latencies than the normals. However, there is some overlap
between the two groups.

DISCUSSION

Ophthalmoscopic stimulators have been previously designed for control of
fixation using light as a stimulus for the study of the VEP in amblyopia
(7, 13). Our design incorporated a checkerboard pattern.

Our results indicate increased interocular latency differences in glaucoma-
tous patients with field loss only in one eye compared to a similar group of
age-matched normal patients. Previous studies of glaucomatous patients have
also shown increased latencies (1, 3, 6, 9—11). However, there was inadequate
control for age or for pupil size especially with glaucomatous patients on
miotic therapy. Increased latencies with age have been demonstrated (4). With
our technique, using the ophthalmoscopic stimulator, all pupils were dilated
and accurate fixation obtained by projecting the checkerboard pattern on the
macular area.

Our studies primarily measured differences between eyes in an effort to
obtain as rigid control conditions as possible by using one eye in the patient
as a control without visual field loss. Others have also studied glaucomatous
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Fig. 1. Scatter plot of interocular latency differences for normal and glaucomatous eyes.

patients with visual field defects only in one eye and have observed differ-
ences in the VEP between the eyes (9, 11). It would obviously be of greater
advantage to determine absolute latencies. However, before these can be
termed ‘normal’ or ‘abnormal’ a large normal population would have to be
measured.

Since our patients all had 20/40 vision or better, there is relatively little
influence of degree of visual acuity which has been shown in other studies
(15). This was also obviated by using the patient’s correction whenever re-
quired in focusing the ophthalmoscopic stimulator checkerboard pattern on
the retina.
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Since the visually-evoked potential primarily represents macular function,
it is surprising that such changes in interocular latency were obtained. The
changes of the visual fields of the patients did not appear to encroach upon
the macula. The check size which we used does extend beyond the macular
area and thus some visual field loss could have been detected. Other disturb-
ances of macular function have been noted in glaucoma patients, primarily
color vision defects (8) and contrast sensitivity (2).

Further studies will have to be done to determine the sensitivity of the
VEP in determining degrees of visual field loss. Perhaps by changing the
stimulus pattern, the sensitivity could be improved so that smaller degrees of
visual field loss could be detected. This method obviously has advantages as
being an objective assessment of the optic nerve and may be useful in clinical
situations where visual fields cannot be obtained. Furthermore, it would be
most interesting to determine whether changes in the VEP occur in ocular
hypertensive eyes with no visual field loss. Such studies are now in progress.
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PATTERNS OF VISUAL FIELD ALTERATIONS FOR
LIMINAL AND SUPRALIMINAL STIMULI
IN CHRONIC SIMPLE GLAUCOMA

FRITZ DANNHEIM

(Hamburg, F.R.G.)

ABSTRACT

The findings of 100 eyes with circumscript glaucomatous alterations evaluated by liminal
and supraliminal stimuli are presented. Nerve fibre defects may be found in any part of
the central or peripheral visnal field including the centro-caecal area Myopic eyes are
more likely to develop defects in uncommon locations. The peripheral field may be
exclusively affected, most often nasally. Defects in the nasal visual field reveal a second
pattern of distribution corresponding to the vulnerability of the nerve fibres with the
longest course from the ganglion cells to the optic disc. A non-linear scale for perimetric
plots favouring the central field without excluding the periphery has definite advantages.

INTRODUCTION AND METHOD

The knowledge of the frequency distribution of glaucomatous visual field
alterations may facilitate the choice of an adequate testing procedure. To this
aim we have analysed 100 eyes of 90 patients with definite visual field defects
due to chronic glaucoma belonging to stage I—III of the Aulhorn classification
(1). All fields had been evaluated with a Tuebingen perimeter and a Roden-
stock peristat in a careful static and kinetic manual test. Supraliminal stimuli
were used to search for changes of sensation (4). One fifth of eyes had been
examined with the OCTOPUS computer perimeter in addition.

RESULTS AND COMMENT

All 100 findings were divided into 6 groups according to the localisation of
the major defect:

1. Changes in both the Bjerrum area and the nasal peripheral field occurred in
37 of the 100 eyes (Fig. 1). Since it is inconvenient to apply two different
scales on two sheets for the central and peripheral field we designed a non-
linear scale which adequately represents the central portion without
excluding the periphery (Fig. 2).

2. Isolated scotomata in the Bjerrum area as the only glaucomatous defect
have been found in 18 of 100 eyes, even though this location was described
as the classical type of early damage (1, 2).
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Fig 1 Small paracentral Bjerrum defect and large nasal nerve fibre defect in central
static and kinetic (right) and peripheral kinetic perimetry (left).
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Fig. 2 Visual field from Fig. 1, transposed into a plot with non-linear scale for eccen-
tricity favouring the central portion without excluding the periphery.
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Fig. 3. Peripheral nasal step with unaffected central field. Zone with disturbance of
sensation of supraliminal stimuli marked as grey Scale as in Fig 2.

3. Depression of sensitivity nasally with or without localized defects as the
only alteration have been observed in 26 out of 100 eyes. A sector-shaped
zone of change of sensation for supraliminal stimuli was regularly present
(Fig. 3). This localisation which was regarded as rarely affected in an
earlier report (2), was exclusively involved outside of the central field in
4 of these eyes (Fig. 3), which would have missed detection of the defect
with campimetric devices.

4. Temporal peripheral defects (3, 4, 5, 6) have been present in 5 eyes as
dominant feature and in 2 eyes as additional defects (Fig. 4), making up
7 of 100 eyes.

5. The area above or below the blind spot was with 4 out of 100 eyes least
often affected, even though this localisation was estimated as most typical
for early glaucomatous damage in older reports (7 among others). In all
these fields the defect was separated from the blind spot for the smallest
brightest target. This means that we never observed an isolated enlarge-
ment of the blind spot as an early glaucomatous sign (see also 2).

6. The centro-caecal field is generally regarded as most resistant to glaucoma-
tous damage. We found isolated defects in this particular area in 10 of the
100 eyes (Fig. 4), in 2 of them being the only alteration (5).

Vertical steps (8) were never observed in this study. A video-tape analysis of
all 100 findings (Fig. 5) reflects a similar frequency distribution for stage 1
(27 eyes), II (45 eyes) and III (28 eyes). This classification (1) is based on
isolated paracentral defects as the only early glaucomatous alteration.
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Fig. 4. Dense isolated centro-caecal and nasal defect and relative temporal defect. Zone
of disturbance of sensation indicated only in the temporal field (grey). Scale as in Fig. 2.

Fig. 5. Frequency distribution evaluated by video-tape analysis of 100 glaucomatous
visual fields, divided into stage I (27 eyes), II (45 eyes) and IiI (28 eyes). Nasal field with
highest frequency (marked darkest), followed by the Bjerrum area, the centro-caecal
field, the temporal periphery and the area above or below the blind spot. Superior para-
central defects more closely to fixation than inferior ones, Scale for eccentricity as in
Fig. 2.

Depressions of sensitivity in the nasal field cannot properly be classified as
long as they are separated from the blind spot. With our arbitrary division
according to the affected area a high frequency of defects in the nasal visual
field (5) is present in all 3 stages (Fig. 5). This may relate to a specific vulner-
ability of those nerve fibres within a bundle which travel the longest distance
from the ganglion cells to the optic disc. This second pattern may be present
in combination with the nerve fibre pattern (Fig. 6).
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Fig. 6. Pattern of nerve fibre bundles as represented in the central visual field (right),
most frequently affected bundles marked grey. Second pattern of distribution of glau-
comatous defects in the nasal visual field (left).

Superiorly the defects tend to lie closer to fixation and inferiorly in the
nasal periphery (Fig. 5, 6), as already described by Aulhorn (1). An evaluation
of refraction of the 100 eyes disclosed a statistically significant difference in
favour of higher myopia for the eyes with temporal and centro-caecal defects
as compared to the ones with isolated Bjerrum defects (3, 5).

The presented frequency distribution confirms the one reported by
Drance and co-workers (6) and deviates only in the addition of centro-
caecal defects (5). Thus no part of the visual field should be excluded from
the search for glaucomatous damage, and special emphasis should be placed
on the nasal visual field.
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RECEPTIVE FIELD-LIKE PROPERTIES TESTED WITH
CRITICAL FLICKER FUSION FREQUENCY
Perimetric analysis

EMILIO C. CAMPOS & SAMUEL G. JACOBSON

(Modena, Italy/Boston, Mass., U.S A.)

ABSTRACT

A new psychophysical function reflecting receptive field-like properties has been de-
scribed. It is based on measurement of the critical flicker fusion frequency (CFF) for a
small target centered within a circular background, the size of which is varied as the test
parameter. The foveal CFF function has a characteristic V-shape similar to that of the
conventional sustained-like function.

A perimetric analysis of the CFF function at 2°, 5° and 10° in the nasal and temporal
visual fields shows that with increasing eccentricity the general shape of the function is
maintained. The minimum, however, shifts toward larger background sizes and the areas
of interaction tend to increase. At 10° in the periphery, the function flattens and deterio-
rates. The perimetric behaviour of the CFF function is compared with that of the sus-
tained-like function. Clinical application of this function is suggested mainly for diseases
of the fovea.

INTRODUCTION

The receptive fields of individual neurons in the visual system have been well
studied with physiological techniques in animals. Properties thought to derive
from these basic visual units recently have been studied in man with psycho-
physical techniques (2). Both a sustained-like and a transient-like function
have been demonstrated. These psychophysical tests have been investigated
primarily perimetrically and in subjects with discrete retinal lesions (2).

A new psychophysical function based on the determination of critical
flicker fusion frequency (CFF) was described recently (1). The CFF was
measured for a tiny test target centered on a circular background (of fixed
luminance), the size of which was varied as the test parameter. The CFF
function, like the sustained function, has an interaction zone within which
summation-like and inhibition-like components are present.

Campos and Bedell (1) studied the CFF function at the fovea. In this
paper, we report a perimetric analysis of this function.

METHODS
Apparatus. Details of apparatus similar to that used in the present exper-
iments have been published previously (Campos and Bedell, 1978). In brief,
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Fig. 1 Schematic diagram of the apparatus. Arrows represent light pathways.

three fields were projected onto a tangent screen located 125 cm in front of
the subject (Fig. 1). Field III was the general background and provided low
photopic adaptation at 0.68logcd. m™2. Field II was a circular target imaged
by a Kodak carousel projector. The range of sizes for Field II was that used
for the conventional sustained-like function and was equivalent to the range
of Goldmann perimetric targets. Luminance of Field II was 0.95logcd. m™2,
the optimal level for the CFF function (1). Field I was a tiny circular flickering
target provided by a Kodak carousel projector and an episcotister (fight-dark
cycle, 1:1), which interrupted the light beam. The sizes of Field I used at the
different loci in the visual field were as follows: 0° and 2° — 0.57 (min of
arc)?; 5° — 1.68 (min of arc)?; and 10° — 1.89 (min of arc)?. The luminance
of Field I could be adjusted in 0.1 log unit steps with neutral density filters.

Procedure. CFF functions were determined monocularly for the fovea and
for 2°, 5° and 10° along the horizontal meridian of both nasal and temporal
visual fields. Prior to the CFF determinations, the increment threshold of
Field I on Field 111 was measured with Field I flickering at 4 Hz. Luminance
of Field I was adjusted to 1.0 log unit above this increment threshold. CFF
for Field I was determined then as a function of the size of Field II using a
modified method of limits. Each threshold represents the mean of at least one
ascending and one descending judgment.

RESULTS AND DISCUSSION

Four normal subjects with best corrected monocular visual acuities of 6/6
were tested perimetrically for the CFF function. Fig. 2 shows representative
data from the nasal and temporal visual fields of one subject. CFF is plotted
against the log area of Field II. The foveal function has the typical U- or V-
shape. High CFF values were obtained with the smallest and largest sizes of
Field II, while the minimum CFF occurred at 1.81 log (min of arc)*. An
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Fig. 2. CFF functions at the fovea and at 2°, 5° and 10° along the horizontal meridian in
the nasal field (upper graph) and temporal field (lower graph) of one subject.

asymptote of the function at larger sizes of Field Il is present. These charac-
teristics of the foveal CFF function are similar to those already described by
Campos and Bedell (1).

The CFF function in the periphery retains the characteristic shape. How-
ever, with increasing eccentricity from the fovea, the minimum of the func-
tion shifts towards larger sizes of Field II. A tendency for increased areas of
interaction also occurs at eccentric loci, and by 10° in the periphery the func-
tion becomes less well defined and nearly flat. This pattern of results was
present equally in the nasal and temporal visual fields and was consistent in
the different subjects.

A similarity exists between the CFF function and the sustained-like func-
tion in that both functions show the tendency for an increase in center- and
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surround-like areas with eccentricity. On the other hand, the sustained-like
function increases in magnitude in the periphery, while the CFF function
actually decreased (2). This deterioration in the CFF function presumably
can be attributed to the known decrease in critical flicker fusion frequency
with increasing eccentricity (3).

This perimetric analysis of the CFF function suggests that the most
interesting clinical application of this psychophysical test of receptive field-
like properties would be in the investigation of lesions within the central 5°
of the visual field.
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FLICKER FUSION IN PERICOECAL AREA

GIOVANNI CALABRIA, ENRICO GANDOLFO,
GIUSEPPE CIURLO & PIETRO ROSSI

(Genoa, Italy)

ABSTRACT

The pericoecal area is known to be the site of some early defects of the visual field.
Flicker fusion frequencies, on turn, have been reported to be often altered when more
classical perimetric examination results are still unchanged. This work is intended to re-
port ‘normal’ values for flicker fusion frequencies in this area based on the examination
of four normal subjects.

INTRODUCTION

The assessment of flicker fusion frequencies (F.F.F.) appears a sensitive
means of investigation of the pericoecal area and looks a promising means for
understanding the earliest impairments in visual function that take place in
this critical area of the visual field.

In this work we describe a standardized technique for pericoecal flicker
perimetry, together with the results obtained in normal subjects.

MATERIAL AND METHOD

Four healthy subjects aged from 27 to 31 years were examined.
We used the flickering device for the Goldmann perimeter previously

described by two of us (1). The examination concerned:

— The threshold luminance for the target area of 1.4 mm* was determined
with a statical method in each of the points shown in Fig. 1.

— The target luminance was increased 0.4 log unit, according to the criteria
previously described (2).

— The flicker fusion frequency for each target size in each point was then de-
termined. A sampling presentation was used: for every point 10 measures
were made.

The results were evaluated to assess:

— The mean value and the standard deviation within each set of measures.

— F.F.F. variations related to the target size and its position. The significance
of the differences were evaluated by means of the Student’s ¢ test.
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Fig. 1. Pattern of the tested points

RESULTS (Table 1)

~— The scatter in the F.F.F. is fairly low.
— The F.F.F. does not change significantly according to the tested point or
to the target diameter.

CONSIDERATIONS

The following considerations may be drawn on the technique used and its
results.

Technique. The main drawback of our technique is the low number of tested
points. This is mostly due to the long time needed for this kind of examin-
ation. However, if flicker perimetry of the pericoecal area must become a
rather handy examination, at least for investigative purposes, the number of
tested points can hardly be further increased. The double ring pattern of the
examined points looks suitable to detect both generalised and localised
alterations in C.F.F.

Results. The following points can be stressed:

— F.F.F. determination in the pericoecal area is a very accurate and reliable
test: the scatter of the results is actually low.

— Even if light thresholds are quite uneven the time resolution properties of
all the retinal points tested are quite steady. This result is strictly bound to
the photometric features of the stimulus. It must be stressed that the
F.F.F.in each point does not change with the target size. The steadiness of
the F.E.F. for ‘threshold’ stimuli throughout the pericoecal area bears two
practical consequences:
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Table 1. Results.

Number 1 2 3 4 5 6 7 8
Points I (o} I (o} I (o} I (o} I (o} I (o} I (o} I (o}
Anna P, 19,2 21 20,3 21,1 21,2 23,2 20,8 18,1 18,7 212 20,9 213 20,2 21,7 21,2 221
+3 2,6 +4 4,6 +3,7 4,1 4,1 3,1 4,1 3,1 27 3,1 £3,0 2,7 +3,1 4,1
Carmen B. 18,7 19,9 21,6 22,3 19,8 20,9 19,1 21,3 21,4 22,3 21,9 224 223 21,3 23,1 24,1
+3,1 2.1 +3,1 +3,7 2.7 19 2.3 3,1 2.1 £3,1 29  £31 +3,1 +41 +3,1 £2,9
Federico B. 18,1 18,3 21,3 22,3 21,3 18,1 19,6 20,2 21,3 22,1 234 212 222 213 18,6 19,9
3,1 42 31 £29 £3,1 £32  £31 4.1 +3,1 +4,3 x31 34  £31 32 4,1 £27
G. Carlo S. 19,3 223 223 22,3 242 24,3 22,2 23,2 24,2 21,9 199 189 20,6 21,2 20,3 19,9
42 £3,1 2.8 3,1 +3,1 +3.8 +3,1 +3.1 +34 +3,6 2,8 3,1 4.1 42  £23 +3,3

Legends: The mean value and the standard deviations of the F.F.F. obtained in each point with targets of 1,4 mm?. I = inner circle; O = outer circle.



a) every localized deflection should be regarded as a pathological finding.
b) temporal resolution alone can be specifically investigated. Alter-

ations in photometrical eaguivalences should not lead to differences
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in F.F.F. values obtained with targets of different sizes, unless tem-
poral resolution is affected together with spatial summation.

CONCLUSIONS
Our work has shown t

— Flicker perimetry of the pericoecal area may become a practical and useful
tool for clinical investigations.

— Temporal resolution and spatial summation can be separately investigated.
Therefore, flicker perimetry may throw further light on the actual vision
impairment in the early phases of those diseases in which pericoecal area
visual field is involved.
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ACUITY PERIMETRY

CHARLES D. PHELPS, PAUL W. REMIJAN & PIERRE BLONDEAU

Uowa City, Iowa, US.A)

ABSTRACT

Measurement of peripheral visual acuity may provide useful clinical information not
obtainable from classical light sense perimetry. We have designed and built a2 new laser
interferometer which allows us to test visual acuity at various eccentricities from zero
to 20° and along any meridian The test field is round, one degree in diameter, and con-
tains alternating red and black stripes. The orientation and separation of the stripes can
be varied, as can the intensity of the background illumination. The subject is asked if he
can detect the striped pattern and, if so, its orientation.

The light source is a helium neon laser. A holographic phase grating separates the
light into two coherent, equal strength, spherical waves diverging from a single point.
The waves are focused near the nodal point of the subject’s eye and form interference
fringes on the retina. The fringes are not ‘focused’; they occur wherever the waves over-
lap. Thus visibility of the fringes is virtually independent of the eye’s refraction and is
not impaired by minor media opacities.

INTRODUCTION

Visual acuity may be defined as the ability of the visual system to resolve fine
detail. This ability is greatest for foveal vision and declines towards the peri-
phery of the visual field (4). The measurement of foveal or central acuity,
of course, is an integral part of every eye examination. It should not be for-
gotten, however, that the extrafoveal retina also has measurable acuity. The
measurement of extrafoveal or peripheral acuity is a curiously neglected area
of clinical visual function testing. Although many investigators, using a
variety of techniques, have measured peripheral acuity in normal research
subjects, almost nothing is known about alterations of peripheral acuity in
diseases of the eye or visual pathways.

In this paper we describe a prototype instrument which allows us to test
extrafoveal visual acuity. This instrument, which we call an acuity perimeter,
measures resolution acuity at any location in the central 40° of the visual
field. It uses for its acuity target a sinusoidal grating. The grating, a pattern
of red and black stripes, is created on the retina by the interference of two
laser beams.
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METHODS

The acuity perimeter is a compact instrument with outside dimensions of 60 X 45 X
18 cm. It is mounted on a stand which is adjustable for height. The subject or patient sits
in front of the instrument and looks into an eyepiece (Fig. 1). All controls are mounted
on top of the instrument and are easily accessible to the examiner who stands next to
the instrument

The subject sees in Maxwellian view a uniformly illuminated round background field.
The background illumination is produced by a white light sovrce which is focused in the
subject’s entrance pupil. Thus, the amount of background flux entering the eye is inde-
pendent of pupil size The size of the background, which is limited by the eyepiece
aperture, is 40° The luminance of the background can be varied from 0.015 to 15.0 asb,
allowing acuity testing to be done under either scotopic or photopic conditions.

In the center of the background field is a round fixation light, 1/2 of a degree in
diameter. The color and intensity of the fixation light, can be varied. For routine testing,
we use a dim white fixation light, somewhat brighter than the background illumination.
Light from the fixation source leaves the instrument eyepiece as a 2 mm collimated beam.
In order to see the fixation target, the subject must adjust the lateral position of his eye
so that his pupil accepts the fixation source energy. Longitudinal adjustment of the
subject’s eye is also required so that the pupil accepts the background flux without
vignetting. When the fixation source and unvignetted background appear simultaneously,
the eye pupil is properly positioned for presentation of acuity targets out to +20°
eccentricity. The criteria for proper eye position is unambiguous, and most subjects
naturally seek the correct eye position.

The acuity test target is one degree in diameter. It consists of a (sine)? wave grating
of alternating red and black stripes. The separation of maxima can be continuously
varied from 1.5’ (resolution angle of 0.75'. grating frequency of 40 cycles/°®, Snellen
equivalent of 20/15) to 40’ (resolution angle of 20, grating frquency of 1.5 cycles/®,
Snellen equivalent of 20/400). The stripes can be oriented in any direction; stop-positions
indicate the vertical, horizontal, and two oblique orientations. The acuity target can
be presented along any meridian at 1° intervals from fixation to 20° eccentricity.

If desired, the acuity target can be presented continuously, but we prefer to present
it intermittently. The target presentation is accurately timed with a variable speed
electromagnetic shutter which allows the presentation time to be changed from 1/0 to
32 sec.

Fig. 1 Acuity perimeter: subject looking into viewing eyepiece.
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The acuity perimeter is a modification of an earlier instrument which used laser inter-
ference fringes to measure central acuity (3). The new instrument, too, can be used to
test central acuity. When testing centrally, the field of interference fringes can be varied
in size from 1/2 degree to 40°. However, for peripheral measurements, the acuity target
size is fixed at one degree.

The light source for the interference fringes is a 0 9 mW cylindrical helium-neon gas
laser which operates in the standard gaussian transverse mode. Its maximum output in
irradiance levels on the retina is about 350 nW. Thus it easily meets Bureau of Radio-
logical Health safety standards for a class 1 laser device.

A holographic phase grating separates the laser light into two coherent, equal strength,
spherical waves diverging from a single monochromatic point source. The two diffracted
waves are focused near the nodal point of the subject’s eye and form interference fringes
on the retina The optical geometry and its relationship to fringe separation are discussed
in an article describing the original instrument for measuring central acuity (3).

The present instrument differs in design from the first by incorporating four ad-
ditional features.

1. Fringe spacing is controlled by moving the holographic grating with respect to a fixed
coherent point source. Such an arrangement provides a constant target irradiance at
all acuity settings.

2. Fringe orientation is achieved by rotating the holographic grating. The natural field
limitations of a standard dove prism image rotator are incompatible with the wide
field requirements of the acuity perimeter.

3. A calibrated focusing eyepiece adjustment is provided for subjects requiring refractive
correction. The focusing adjustment permits optimum visual resolution of the relatively
small 1° target boundaries without alteration of the eyepiece focal length.

4. Beams from the holographic grating are collimated before reaching the test target
aperture.

The necessity of an eyepiece focusing adjustment can be explained by considering the
diameter of laser beams propagating through the vitreous and illuminating the retina.
The fringe pattern is formed at any location within the eye where the two laser beams
overlap. Relatively large targets of 5° or greater produce two large diameter beams with-
in the eye. These large beams overlap sufficiently at the retina even when subjects have
severe refractive errors. With the small 1° targets used in the acuity perimeter, the two
laser beams within the eye are quite small in diameter and will not completely overlap
at the retina of an eye exhibiting large refractive errors. Therefore, with tiny 1° targets,
an adjustment is required to maximize the small area of overlap at the retina. The beam
overlap area at the retina is a maximum when the target boundary is clearly resolved by
the subject. The fixation source is in the plane of the target apertures and can be used as
a target for the focusing adjustment prior to the presentation of laser fringe targets.

Movement of the subject’s eye towards or away from the instrument affects neither
the fringe spacing nor the target position in the field of vision. The eyepiece collects
collimated laser beams emerging from the target aperture and forms two coherent points
of light at its rear focal plane. Light emanating from these twin point sources propagates
through space, forming fringes in any area of overlap common to both beams. When the
sources formed by the eyepiece are located near the nodal point of the eye, the two
beams propagate through the vitreous and form fringes on the retina. If the subject’s
eye is moved away from the eyepiece so that the twin sources are formed at the cornea,
the beams are projected over a longer distance before reaching the retina. At first the
formation of coarser fringes on the retina might be suspected, but the movement of
point sources to the cornea and away from the nodal points also increases the angle
between interfering beams. Increasing the fringe projection distance produces coarser
fringes while increasing the beam interaction angle produces finer fringes. These two
effects nullify each other and result in an invariant fringe spacing on the subject’s retina.
A similar analysis applies when the point sources are formed deeper within the eye.
Thus, fringe spacing perceived by the subject is unaffected by variations of eye position
along the optical axis.

Invariant target position within the field is achieved by collimating the laser beams
prior to interception by the target aperture and using a constant focal length eyepiece.
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Fig 2. Invariance of target position in field of vision.

With collimated beams, the chief ray passing through the target aperture strikes the eye-
piece lens at the same height regardless of the aperture to eyepiece distance which is
varied during focussing adjustment. The apparent field angle of the acuity target is
invariant as shown in Fig. 2. Eye movement toward and away from the eyepiece is
simply limited to positions which will allow complete transmission of both laser beams
by the eye’s pupil.

Acuity perimetry can be performed with any natural pupil size. The point source
separation within the eye pupil is given by the formula S = (A/sin 6v) where S is the
separation in millimeters; A is 0.0006328 mm, the laser wavelength; and 6v is the angular
subtense between stripes. For a Snellen equivalent target of 20/15, the point separation
in the pupil is 1.4503 mm; for a Snellen equivalent target of 20/20, the point separ-
ation is 1.0877; and for a Snellen equivalent target of 20/400, the point separation is
0.0544 mm.

COMMENT

Acuity perimetry differs from conventional perimetry in that acuity rather
than light sense is the visual function tested. Resolution acuity is a more
complex visual function than simple light sense. It requires, at a minimum,
integration of information from at least three percipient units. One limiting
factor in acuity is probably the population density of ganglion cells (1, 6).
It is possible that certain diseases, such as glaucoma, which cause a diffuse
loss of ganglion cells and their axons, may impair acuity before interfering
with light sense. It is this possibility which was the impetus for the construc-
tion of this instrument.

Laser interference fringes are an excellent acuity target for measurement
of peripheral acuity. They are not focused and thus are not influenced by
off-axis refractive aberrations such as coma and astigmatism of oblique
incidence. Minor degrees of cataract do not impair fringe formation. Other
investigators have used targets such as Snellen letters and Landolt rings for
the measurement of peripheral acuity. Perception of these targets, of course,
depends on proper focusing. The refraction of the eye may vary from one
part of the retina to another. Snellen letters test not only resolution but also
recognition. An interference fringe target, thus, is more likely to test retinal
resolving power alone and not be influenced by optical or psychological factors.

Some background illumination is necessary if the eye is to remain light
adapted. Peripheral acuity, like central acuity, decreases with dark adap-
tation (2). Background illumination has the disadvantage that it reduces the
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contrast of the interference fringes which, if the background were not illumi-
nated, would be 100%. We are currently conducting studies to determine the
optimal background illumination for clinical testing.

It was necessary in this instrument to choose one field size for the test
target. A small target was desirable because it would restrict the area of the
retina to be tested. On the other hand, the smaller the target, the fewer the
number of stripes per target. This is particularly crucial with coarse gratings.
Our compromise for this instrument was to use a one degree test field. With
the widest separation of stripes (20/400 Snellen equivalent), only one and a
half cycles are contained in the one degree field.

In acuity perimetry, as in classical light sense perimetry, one can plot
acuity isopters (Fig. 3) and acuity profiles (Fig. 4). Testing is done with
static presentation. The subject is asked if he can detect the striped pattern
and, if so, the orientation of the stripes. For the two acuity fields illustrated
here, the subject was required at each locus tested to identify the orientation
correctly at least three out of five randomly selected presentations. He was

Fig. 3. Acuity isopter plot.
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Fig 4. Acuity profile plots: upper: minimal angle of resolution; middle: log of minimal
angle of resolution; lower: reciprocal of minimal angle of resolution (Snellen fraction).

also required to identify correctly at least three of the four possible orien-
tations. For most locations the threshold between perceived and non-per-
ceived stripe separations is quite abrupt although there is slightly more vari-
ance in threshold at 10° to 20° of eccentricity than at 0° to 10°.

When plotting acuity profiles, the scale used for acuity greatly influences
the shape of the curve (Fig. 4). The minimal angle of resolution (MAR), a
plot of thresholds, is straightforward and simple. It shows a gradual linear
decline from fixation to about 15° eccentricity with a more steep decline in
the periphery. The Snellen fraction, a plot of sensitivity, is the reciprocal of
MAR. It shows a rapid decline near fixation which levels off to approach
zero asymptotically. The log of MAR, as noted recently by Westheimer, is
the best representation of just noticeable differences (5) and its curve has a
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shape in between the other two curves. Use of the Snellen fraction places so
much emphasis on acuity changes near fixation, that it is difficult to exhibit
alterations from normal acuity in the less sensitive areas of the field away
from fixation. We have chosen to use MAR rather than log MAR for our rou-
tine testing because it can be plotted directly without an additional compu-
tation.

Further studies are currently being conducted to determine in normal
subjects the influence on peripheral acuity of stimulus orientation, stimulus
duration, stimulus intensity, background intensity, and practice.
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VISUAL FIELD STUDIES WITH FUNDUS
PHOTO-PERIMETER IN POSTCHIASMATIC LESIONS

Y. OHTA, M. TOMONAGA, T. MIYAMOTO & K. HARASAWA

(Tokyo, Japan)

ABSTRACT

We have developed a new method of recording the isopter on the fundus photograph
under direct observation or TV-monitoring under infrared illumination. We examined 17
cases with visual field defects in post-chiasmatic lesions manifesting as bitemporal or
homonymous hemianopsia and papilledema. The results were compared with those by
Goldmann perimeter, U-O test chart and Amsler charts. In cases with bitemporal hemi-
anopsia, macular sparing detected by U-O test chart and Amsler charts appeared as verti-
cal splitting lines located in the hemianoptic side of the fovia with the present technique.

INTRODUCTION

At the 3rd International Visual Field Symposium, we introduced a new tech-
nique of fundus photo-perimetry which enabled us to record the visual field
on a fundus photograph after direct observation by TV-monitoring (5).

With this device, we examined the visual field defects of post-chiasmatic
lesions, such as papilledema, bitemporal hemianopsia, homonymous hemi-
anopsia, etc., and also drew comparisons between pre and post craniotomy.
We compared the visual field changes obtained from the above examination
with those from quantitative kinetic perimetry by the Goldmann perimeter
(G.P.), U-O test (Umazume-Ohta’s central scotometric plate test) and Amsler
chart test and discussed the results (1, 4).

MATERIALS AND METHOD

The fundus photoperimeter (F.P.P.) we developed was employed in the
present experiment. While background luminance was fixed at 0.24 cd.m™2,
luminance of the stimulus was varied from 0.85 cd.m™2 to 76.36cd. m™2, Al-
though the latter can be changed continuously, we singled out several levels.
All of the targets were set 19’ wide. There were 17 subjects in all; 8 cases of
brain tumor, 1 case of disseminated sclerosis, 2 cases of head blow, 4 cases of
intracranial vascular disturbance and 2 cases of opticochiasmal arachnoiditis.

Twelve of them underwent cranmiotomy. The 5 cases without craniotomy
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Table 1. Examination results

Period from operation

Case | Sex | Age Disgnosis Visual acuity to examination Papilla findings G.P F.P.P
1 M | 28 |Left antero temporal lobe glioms [R.V.=1.0(n.c.) | 9 months R.. . Right homonymous
T | 1l
LV.=1.2(nec.) L. y:ﬂ:::-s.h ::,?;," hemianopsia
2 M 8 |Right antero temporal iobe tumor |R.V.=1.2(n.c.) Preop 14 days R.. . Enlargement of CD @
LV.=0.8(1.D) .. Papiliaedema blind spot
3 F | 33 [Sellar craniopharyngioma RV.=0 7 years R.. : R.. Could not be measured @ @
L.V.=0.03(0.04) L.. Pale papillae L.. Temporal hemianopsia
Could not
4 M | 57 |Sellar craniopharyngioma R.V.=0.5(0.9) | B months R.. Normal Bitemporal hemianopsia be messured
LV.=0.1(0.4) L.. Pale papilla (D
Normal
5 F 27 | Sellar meningioma RYV.=0.7(10) 5.5 months R.. Papillae Bitemporal hemianopsia
L.V.=0.04(1.0) L. yellowish white et ed
6 F 40 |Pituitary sdenoma R.V.=3%0ca/um 10 months R.. " Bitemporal hemianopsia
L.V.=0.07(0.5) L. Pale pepilla @s:"::x,.,
7 M | 53 |Pituitary adenoma R.V.=0.4(0.5) | Preop 11 days R Normal R.. Enlargement of blind spot
L.V.=1.0(n.c.) L. L.. Temporal hemanopsia
8 F | 44 |Right sphenoidal meningioma RV.=0.8(1.0) 1 month R.. . Enlargement of blind spot
LV.=1.2(nc.) L Papillae
T - ** irregular border
9 F 40 |Disseminated sclerosis RV.=1.0(n.c.) R.. Papilla white Right homonymous hamianopsia @ CD
LV.=1.5(nc.) L.. Papilla yellowish white
10 | M | 28 |Left head blow RV.=1.5(nc.) R.. Normal Right superior @ @
LV.=1.5(ne.) L. er homonymous quadrantanopsia @ @
1 M 30 {Left head blow RV.=2.0(n.c.) R.. Normal Left homonymous hemianopsia|
Lv.=1.2(nc) L. erme @ @
12 M 26 |ldiopathic intracranial bleeding R.V.=0.5(12) 2 months R.. No Left homonymous hemianopsia
= rmal
LV.=03(1.2) . @
13 M | 26 |Right occipital aneurysma R.V.=0.8(1.2) 4.5 years R.. Papillae Left inferior
LV.=0.4(1.2) L.. irregular border quadrantanoptic scotoma
14 | M | 23 [Intracrania! vascular disturbance [R.V.=1.5(n.c.) R normal Right homonymous hemianopsia @
LV.=1.5(n.c.) L. e
15 M 72 |Intracranial vascular disturbance |R.V.=0.6(0.8) R.. " Bitemporal hemianopsia
LV.=0.6(1.0) L. Papillas
AR ** yellowish white @
16 | M | 52 |Opticochiasmal arachnoiditis R.V.TO.S(I.Z) Preop 4 days R.. Papillaedama Enlargement of blind spot @
L.v.=0.1(0.3) L.
17 M | 25 [Opticochiasmai arachnoiditis R.V.=0.02(n.c.) | Preop 2 months |[R.. . Centrocecal scotoma
L.V.=0.08(n.c.) L., Pale papillae




consisted of 1 case of disseminated sclerosis, 2 cases of head blow, and 2 cases
of intracranial vascular disturbance.

RESULTS

Table 1 shows the experimental data of all 17 cases. All the cases except 9,
10, 11, 14, 15 underwent surgery. In the table, G.P. stands for results with the
Goldmann perimeter and F.P.P. for results with the fundus photo-perimeter.

Figures 1 through 6 show part of the results obtained by the G.P., U-O test
and Amsler chart test. Fig. 1 shows Case 2, an 8-year-old boy in which a right
antero-temporal tumor was diagnosed. Fundus diagnosis was papilledema.
The lower figures show the findings a month after the operation. A compari-
son between the pre-operative and post-operative observations shows a re-
duction of 10.46 cd. m™?-isopter and a decrease of scotoma with an improve-
ment of papilledema.

Fig. 2 shows Case 4, a 57-year-old man in whom a diagnosis of sellar
craniopharyngioma had been made. The visual field change demonstrates
bitemporal hemianopsia. In this figure, 8 months after craniotomy, we found
macular sparing in the left fundus by U-O test and Amsler chart test. As for
the fundus field detected by F.P.P., splitting was found in the hemianoptic

Cose ¥ N Byrs M

Fig. 1 Case 2, male, 8: Right antero temporal tumor. Top: Before craniotomy. Bottom:
After craniotomy.
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Case 0 0O, S57yrs, M
R=06(09)

Fig. 2 Case 4, male, 57: No abnormality. 8 months after craniotomy for sellar cranio-
pharyngioma.

side of the fovea as vertical lines. The visual field in the right eye improved
after the operation and showed no abnormality. Here we must add that the
slant lines in the color film were filled in afterward for easy discrimination of
the hemianoptic side and this was performed in all other cases.

In Case 10 (Fig. 3), a 28-year-old man suspected of epilepsy after a head
injury. CT scan and CAG findings were normal, but EEG indicated an ab-
normal pattern of waves similar to that of epilepsy. The patient was not sab-
mitted to craniotomy. The visual field change shows right superior homony-
mous quadrantanopsia, and that of F.P.P. almost corresponds with the results
of G.P., U-O test and Amsler chart test.

The inside isopter was measured as 76.36 cd. m~2, and the outside isopter
0.85cd.m™? in both eyes.

Fig. 4 shows Case 11, a 30-year-old man who received a blow on the left
temporal lobe in a traffic accident. The visual field change indicates the left
homonymous hemianopsia, and the visual field by F.P.P. yields two splitting
lines: namely, with the luminance of the stimulus at 76.36 cd. m™? a splitting
line is found on the left in both eyes and at 0.85 cd. m™ on the right with an
enlargement of the hemianopsia with regard to visual field changes in U-O test
and Amsler chart test, macular sparing is found in both eyes.

A diagnosis of idiopathic hemorrhage of the right occipital lobe was made
in a 26-year-old male case (Case 12, Fig. 5). A high density area was found in
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Case Y A, 28yrs, M

R=15{nc)
L=15(nc)

Fig. 3. Case 10, male, 28: Head blow.

the right occipital lobe by CT scan, and it was identified by craniotomy as
blood coagulation. This patient consulted our outpatient department com-
plaining of pulsating pain of the right temporal lobe and left hemiplegia. The
visual field change indicates the left homonymous hemianopsis; and the re-
sult of the visual field examination by F.P.P. with the luminance of the stim-
ulus at 76.36 cd.m™2, practically coincides with those of the visual field
measured by G.P. and the visual field change detected by U-O test and Amsler
chart test.

DISCUSSION

In the present clinical experiment we employed a background luminance
of 0.24cd.m™ and set the luminance of the stimulus at a maximum of
76.36 cd.m™2 and at a minimum of 0.85 cd.m™2. These luminance values were
reckoned most suitable with reference to several preparatory experiments we
had carried out. As a result, they proved highly effective in the detection of
hemianopsia and papilledema. Our method of fundus photo-perimetry com-
pletely eliminates the incomplete fixation pointed out in other methods of
fundus perimetry such as G.P., U-O test and Amsler chart test, and will make
it possible to perform fundus detection in those subjects who have difficulty
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S Y, 30yrs, M

Fig 4. Case 11, male, 30: Head blow.

in forming stable fixation — that is, our method is profitable for observing
patients with unstable fixation and macular sparing (6).

To date, macular sparing has been thought of from the standpoint of niveau
diagnosis pertaining to visual pathway injury. In hemianopsia, it is believed
that when the optic radiation in the upper part of the lateral geniculated
body or the area strata above the optic radiation is injured, the boundary line
which vertically divides the visual field enters the hemianoptic portion in a
semicircle at the visual point. It is this assumption that has supplied grounds
for our diagnosis.

Duke-Elder has introduced theories of many researchers in regard to the
cause of macular sparing (2). The histological experiment on a monkey’s
severed optic tract by Stone reports a case of macular sparing, with visual
pathway injury at the lower part of the lateral geniculate body (7). Although
there are many cases in which macular sparing is found, the fact that it is not
immediately related to niveau diagnosis of visual pathway injury should be
considered. Actually, the visual field by our F.P.P. demonstrated a vertical
splitting line which swayed the fovea and which was exactly the same case
when we observed macular sparing by U-O test and Amsler test.
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Case T T, 26yrs, M

R=05(12)
L=ﬁgi(12)

Fig. 5. Case 12, male, 26: Idiopathic hemorrhage of the right occipital lobe.

CONCLUSION

We performed visual field examinations in 17 cases of visual pathway injury
postchiasmatic lesion with a new method of recording the isopter on the
fundus photograph after direct observation by TV-monitoring. As a result of
fundus photo-perimetry, macular sparing appeared in the form of a vertical
splitting line in hemianopsia and it was identified as a vertical line slanting
into the hemianopsia with reduced luminance of the stimulus.

With this technique, it is possible to obtain perfectly stable fixation
which is most important in visual field examination.
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FLICKER FUSION AND SPATIAL SUMMATION

M. ZINGIRIAN, G. CIURLO, P. ROSSI & C. BURTOLO

(Genoa, Italy)

ABSTRACT

Flicker fusion frequencies in the central and paracentral retina were studied for liminar
and supraliminar stimulations with targets of different size. Statistical analysis of the
results obtained in a relatively large series of patients allows a good standardization of
‘normal’ values for healthy people. Furthermore, the evaluation of the results lends
insight into the relationships between temporal resolution and spatial summation.

INTRODUCTION

Flicker fusion alterations have been shown to often precede the correspond-
ing scotomata of classic perimetry. The results of such experiments are, how-
ever, difficult to evaluate and compare with each other, mainly because of the
different experimental conditions in which the test was carried out by the
different examiners.

Our work was aimed to the following purposes:
— Standardize the photometric conditions of flicker perimetry.
— Report of the results obtained in the central visual field in healthy people.
— Discuss some of the physiological implications of our results.

MATERIAL AND METHOD

Four healthy subjects, with normal visual acuity and field were examined.

Their age ranged from 27 to 31. A Goldmann perimeter was equipped with an

electrically driven semicircular sector to obtain flickering of the target. This

device was described, together with its main features, in a previous paper (1).
The flicker fusion frequency (F.F.F.) was determined at the fixation point

and along the horizontal meridian at the following eccentricities: 3° —5° —

10° — 15° —20°. The examination was carried out at a photopic adaptation
level and followed these steps:

— Assessment of the threshold luminance for non-flickering targets with a sur-
face diameter of 1/16, 1/4, 1, 4, 15, 64mm?, at each of the tested
positions.

— Increase of the target luminance by 0,4 L.U. above threshold levels.

— Determination of the F.F.F. for each target stimulus size surface in every
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point. A sampling method of presentation was used and a set of 10 measures
was obtained in each point.

— The F.F.F. was re-measured in each position for each stimulus with a fumi-
nance value corresponding to the threshold at 25° eccentricity.

The following parameter was calculated from the data obtained:

— mean value and standard deviation for every set of measures.

— Flicker fusion frequencies can be determined with great accuracy in the
central visual field with a fairly low scattering of the values.

— The F.F.F. for a ‘threshold’ target of a given size is fairly constant through-
out the whole central retina.

— Photometrically equivalent stimulation are fused at the same frequency.

— When the same flickering target is used to test different retinal points the
flicker fusion frequency values slightly rise from the periphery to the
fovea.

CONSIDERATIONS

Some considerations on the technique used, the results and their physiologi-
cal implications will be discussed.

Technique. The 0.4 L.U. increase of the threshold luminance results from a
0.3 L.U. increase needed to avoid the disappearance of the target at the
F.F.F. frequency, according to the Talbot and Plateau law, and a further
0.1 L.U. increase in order to avoid the uncertain perception of a liminal
stimulus. Therefore, all flickering targets actually realised supraliminal stimu-
lations. This drawback is unavoidable, but we think that the sampling presen-
tation of the stimuli should minimize its actual influence over the results.

Results, Flicker perimetry with ‘threshold’ stimuli appears a handy, reproduc-
ible and accurate test, at least within the central visual field.

The F.F.F. is fairly steady throughout the tested area, and it does not
change when targets of different diameter are used. The assessment of this
‘temporal plateaw’ is strictly bound to the features of the stimuli: photo-
metrically equivalent stimulations are fused at the same frequency. Therefore
the temporal resolution of the visual field is mainly related to the strength of
the flickering stimulation and appears to be independent from spatial sum-
mation.

Isolated increases in the target size or in its luminance after the stimulus
strengthen and change the F.F.F., according to the Granit and Harper or
Ferry and Porter laws, respectively. This condition is realised when different
retinal areas are tested with the same stimulus: the central areas will actually
receive a more supraliminal stimulation than the peripheral ones and the
temporal resolution will correspondingly appear higher.
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Table 1. Results.

Target

size

(mm?*)

1/16 18,9+1,8 21,7£1,7 20,6x2,1 199+1,6 22,1+2,1 20,8+2,3 19.8:2.4 21,719 20,8+1,8 19,8x1,5
189+1,8 24,7+3,1 24431 25,341 23,8+19,5 23,7+19,9 19.8+1,5

1/4 17,1£1.8 20,729 21,7+1,8 18,9+2,0 21,8214 22417 21,5:1,4 21,6£2,1 23,5+2,1 196+1,7
17,1+1,8 23,8+1,8 24,6+2,1 25,6+3,7 25,7+2,1 22,6x3,5 19,6+1,7

1 19,9+1,7 21,2+1,8 19.83x1,7 209+1,8 21921 22,336 22,7+3,7 23,619 22,7+19 21,8£3,7
199+1,7 24,6£3,6 244:26 26,7t4,1 23,8+22 24,125 21,837

4 17826 206+2,3 19411 20,7x2.8 23,6+3,1 22,719 20,7+1,8 229+2,1 228+19 19.9£1,9
17,826 23,4+35 25,837 29,i5,i 24,637 23924 19919

16 19,8+1,7 20918 19,8£1,8 189+2.1 20915 21,921 19,8+2,1 21,8+3,0 22919 18,9+1,9
19,8+1,7 23,7+2,7 25,7+3,7 25,83, 24,6+3,7 23,7£2,9 199+1,9

64 20.9+3,5 218+27 20821 208+19 22818 229+3,1 189+1,9 219x1,7 22,826 20,8+1,6
209+3,5 24,1£2,7 239+2.8 25,7+2.5 24,8+3)7 20,8+5,9 20,8+1,6

Eccentricity 20 10 5 3 0 3 5 10 15 20

(degrees)

Legend. Upper line: F.F.F. for threshold targets. Lower line: F.F.F. for the 20° eccentricity threshold target at 10°, 3°, 0 eccentricities.



CONCLUSIONS

— If the standardized photometric conditions of a Goldmann perimeter are
used, flicker perimetry can become a fairly exact testing of the temporal
resolution properties of the visual system.

— The temporal resolution is mainly related to the level of the stimulus and is
not influenced by spatial summation. Photometrically equivalent ‘threshold’
stimulations are fused at the same frequency throughout the central visual
field.
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THE AULHORN-EXTINCTION PHENOMENON
Suppression scotomas in normal and strabismic subjects

V.HERZAU

(Tubingen, F.R.G)

ABSTRACT

The extinction phenomenon after Aulhorn was used to measure the spread of suppression
in binocular rivalry with a modified method. The new method permits the tested person
to observe how the suppression scotoma emerges and after 2—3 seconds vanishes. In
squinters with large deviation the extinction phenomenon is not elicitable in all cases and
only to a very limited extent in the region between the monocular centres in the binocu-
lar visual field. But, cases with microstrabismus showed quite normal rivalry outside of
their fixation point scotoma. The cause for the different findings was attributed to the
difference in function of retinal points with the same image in squinters.

If both eyes are stimulated with different images, binocular rivalry occurs. A
special form of rivalry represents the extinction phenomenon after Aulhorn
(1). Here both eyes are successively stimulated with monocular images. If
both stimuli fall on corresponding retinal points, the impression of the first
stimulated eye will be extinguished at the moment of the stimulation of the
second eye. Not only does the extinction occur if the stimuli are falling on
corresponding retinal points, but also if the second stimulus is adjacent to this
area.

The maximal distance of both stimuli, at which extinction will be observed
is a measure for the spread of suppression which derives from a retinal point
of one to the other eye in binocular rivalry. This maximal distance is a func-
tion of the eccentricity of the examined retinal points. The maximum distance
is about 0.5° for stimuli close to the fixation point and 2—8° for stimuli
presented 8° away from the fixation point.

The described method requires many single measurements for the determi-
nation of one extinction area and is therefore not useful for examinations of
most patients. Therefore, we used a simplified modification of successive
monocular stimulation for examination of suppression. The purpose of these
investigations was to examine the phenomenon of binocular rivalry in normal
persons and squinters with anomalous retinal correspondence.

METHOD

The tested person looks through a phase-difference-haploscope to a fixation
point (10, 100asb) on a white wall (luminance 10asb) at 1.5 m distance. To
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the tested eye a large grid pattern is presented as the first stimutus (diameter
60°; dark strips: 10asb, 0.4° in width, angular distance between the stripes:
2°; contrast 1:10). The fellow eye is stimulated in intervals with the second,
extinction stimulus (diameter 1°, 1 000 asb). The tested person has to observe
if extinction around the second stimulus occurs and has to determine the
position and the size of the extinction field. In squinters the deviated eye
was examined; the second stimulus was presented to the leading eye.

RESULTS

a) Normal subjects

All normal tested persons could observe, after a short training period, a defect
in the grid pattern around the second stimulus (Fig. 1a). The determination
of the size of the extinguished area requires very good observation ability and
steady fixation. Most often this was possible only after several repetitions.
Especially difficult was the judgement at an eccentricity of the second stimu-
lus of over 8°. Beyond 20° the extinction phenomenon is no longer elicited
with certainty (Awaya, 1978, and personal observations).

The defect in the grid pattern develops after a scarcely perceptible latency
and fades away after 2--3sec. A non-moving extinction stimulus causes a
round scotoma, while a moving stimulus seems to pull a suppression trail (Fig.
1b). This trail phenomenon is very impressive but not useful for quantitative
examinations, because here the judgement of the spread of suppression is
especially difficult and it is only possible to measure the vertical limits of the
suppression.

Exceptionally, after the presentation of the extinction stimulus no sup-
pression was observed, or after the development of a typical extinction area,
an additional large suppression scotoma with bizarre borders, occurred. These
exceptions were not taken into consideration.

Fig. 2 shows the horizontal and the vertical spread of the extinction area
of 2 normal persons for 2 different distances of the extinction stimulus from
the fixation point. As Aulhorn (1967) has already shown for the maximal
vertical distances, the spread of suppression increases with the eccentricity
of the second stimulus. This slope is also demonstrable by means of calcu-
lation of the sizes of the extinction areas despite a large scatter in the answers.
The size was calculated as the product of the half of the horizontal diameter
and half of the vertical diameter of the extinction area multiplied by =
(Fig. 3).

Orientation examinations showed clearly that the spread of suppression
additionally depended on the size and luminance of the extinction stimulus.
Systematic examinations in this regard are still to be done.

In the usual test the extinction stimulus was presented monocularly to the
non-examined eye. However, the extinction phenomenon was also elicitable
with a binocular extinction stimulus, but its perception was reported to be
less clear by most observers.
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Fig. 1. Extinction phenomenon on the monocular grid.
a) with a stationary extinction stimulus;
b) with a moving extinction stimulus
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b) Squinting patients

Twenty patients with manifest strabismus and harmonious anomalous corre-
spondence were examined with the described method. Only 10 patients per-
ceived distinct extinction areas and were able to describe them. Six patients
observed no extinction at all.

Fig. 4a shows the typical findings of a patient with esotropia. The angle of
deviation is 14°. The delineated plane corresponds to the size of the tested

Extinctign

stimulus:o

a)
E}finction
ossible | not poss
=
Extinctio/n
stimulus
b)

Extinction
fossible /ot pos:

Fig. 4. Extinction phenomenon in strabismus convergens; visual acuity: OD/OS: 1.0.
a) patient with HARC;
b) patient with DARC.
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field and the monocularly presented grid pattern. The right eye looks at the
central fixation point; the visual field centre of the deviated eye is located
14° to the right of the fixation point. The monocular grid pattern is visible
only to the deviated left eye. Around the fixation point there is a steady
defect in the pattern corresponding to the fixation point scotoma, which is
typical for anomalous correspondence. Additionally, the location of several
extinction stimuli for the right eye and the corresponding extinction areas for
the left eye are shown. In comparison with the normal extinction phenomenon
there are 3 striking differences:

1. The extinction areas are not circumscribed but are always connected to
the fixation point scotoma.

2. The suppressed areas do not vanish spontaneously at all locations. The
reappearance of the suppressed area was observed only in the neighbour-
hood of the visual field centre of the deviated eye.

3. There exists a binocular visual field area in which no suppression of the
deviated eye can be elicited. Then the second stimulus is visible in the grid
pattern without a suppression halo. Inability to suppress relates to the
central visual field of the deviated eye or at least to the peripherally
adjacent area.

Fig. 4b shows a further example of esotropia. The angle of squint is 10°; the
retinal correspondence is disharmonious. Therefore, the images of the fixating
right eye are shifted to left in the grid pattern. Accordingly the extinction
areas are also displaced.

Up to now, all examined patients with a moderate or a large convergent
deviation, ARC, and the ability to observe an extinction phenomenon showed
similiar behaviour. Also, at other points than those shown, similiar extinction
phenomena were elicited. They are omitted for clarity. Though if the second
stimulus were located too far peripherally no definite suppression could be
observed.

In patients with exotropia, an extinction phenomenon was elicited in only
some cases, but they all showed similar behaviour. The steady fixation
scotoma was much larger and often hemianopic in character (Fig. 5a).

In the border zone between the dominance areas of each eye an extinction
stimulus causes an increase of this fixation point scotoma. Stimuli located
further in the periphery do not elicit suppression. The visual field centre of
the deviated eye could be suppressed only in some cases. The size of the
extinguished area seems to be larger than in normals or in patients with
esotropia.

A single exception was observed in one exotropic patient. He demonstrated
an extinction phenomenon in the dominance area of the deviated eye as well
as the phenomenon typically observed in strabismic patients (Fig. 5b). The
shape of the suppressed area was similiar to that of normals.

The described findings with large extinction areas which are connected
to the fixation point scotoma were found only in cases with deviations
greater than 5°. Patients with convergent micro-strabismus showed a normal
extinction phenomenon outside of their fixation point scotoma. Only in cases
with deep amblyopia was the size of the suppressed area of the deviated eye
increased as shown by Authorn (1).
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Fig. 5 Extinction phenomenon in strabismus divergens; visual acuity: OD/OS: 1.0
a) patient with DARC;
b) patient with HARC.
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DISCUSSION

Binocular rivalry is an essential part of normal binocular vision. Using the
extinction phenomenon, a remarkable spread of the suppression which derives
from one eye to the other can be demonstrated. However, the necessary
cross-connections correspond to the maximal fusion of disparate images as
found by Julesz (3). So it could be possible that the same neurons are used
for both phenomena.

The anomalous retinal correspondence of squinters with a large deviation
permits such a binocular interrelation only to a very limited extent. Only
between the dominant areas of the two eyes can a certain extinction phenom-
enon be elicited as in normals. I assume that the large difference in function of
retinal points with the same image prevents functioning binocular linkage. It
is therefore understandable that only in cases of microstrabismus can a
normal extinction phenomenon be elicited outside of the fixation point
scotoma.
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SPATIAL SUMMATION IN THE FOVEAL

AND PARAFOVEAL REGION

OSAMU MIMURA, KAZUTAKA KANI & TOSHIO INUI

(Nishinomiya, Japan)

ABSTRACT

Spatial summation effects have been studied in several retinal loci between 0° and 10°
from fovea in normal and abnormal subjects using fundus controlled perimetry. Results
of spatial summation were as follows: in normal subjects, spatial summation curves have
two asymptotes — one shows complete spatial summation and the other shows no sum-
mation; in the fovea of amblyopic eye, spatial summation curves represent abnormal
gradient with small target; in the eye of optic neuritis patient, spatial summation curves
utterly lack the region of complete spatial summation immediately after the visual
acuity returned to normal. These results suggest that our new instrument applied to eval-
uation of visual field in clinical practice is also available for analysis of human abnormal
vision function in relation to pathogenesis.

INTRODUCTION

Spatial summation is one of the most basic and essential mechanisms of the
visual function, and has been studied in psychophysics and electrophysiology
using several procedures. These procedures, however, are so complicated that
they are not suitable for clinical use. Therefore, we have developed a new
method using fundus controlled perimeter for clinical application.

In this article, a new instrument is shown and spatial summation effects in
the fovea and parafoveal region are presented in normal and abnormal sub-
jects.

MATERIALS AND METHODS
Apparatus

Trials were conducted on a new modified fundus controlled perimeter which
was originally designed by Kani & Ogita (3). The block diagram is shown in
Fig. 1. The fundus image is focused on the plane B where the infrared Wratten
filter was placed. A pinhole was made on the filter with Nd-YAG laser pro-
cessing device. The light emitted by the light source A passed through this
pinhole and illuminates the retina as a stimulus. Stimulus, background and
fixation light beams were set up in a Maxwellian view arrangement. The light
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Fig. 1. Block diagram of the new instrument.

passed through the central part of the subject’s pupil with 1.5 mm in diameter.
Subject’s fundus picture and target position on the retina could be monitored
by means of infrared television system. Subject’s head was fixated with a chin
and forehead rest, preventing any horizontal and vertical head movements.

The fixation point at the center of background was a red spot of 7 minutes
or 20 minutes in diameter. The background was illuminated by a single tung-
sten lamp, and a light balancing fitter was used to raise the colour tempera-
ture of the projected light to 6000 K. The background subtended a circular
visual field of 30° in diameter and the luminance was 10 apostilbs (5.6
trolands). Target spot was also illuminated by a single tungsten lamp and the
colour temperature was the same as the background. Target intensity could
be changed with neutral density filters (Kodak Wratten No. 96) by steps of
0.1 log unit. Exposure duration of the target was controlled by an electro-
mechanical shutter and it was 200ms in this experiment. The principal
experimental variables were target size and retinal locus. Target sizes used
here were 1.2, 2.7, 3.1, 6.4, 10, 13, 21, 28, 33, 60 and 79" in diameter.
Spatial summation determinations were made at the position of retinal
eccentricities, 0, 1, 2, 4, 5 and 10° on the horizontal meridian of the tem-
poral part of the subject’s retina. Fixation light was turned off in the case of
spatial summation determination at fovea.

Procedure

Subject’s pupil was dilated with a mydriatic, 0.5% Tropicamide. The subject
was allowed approximately twenty minutes for the background adaptation.
At the start of the experiment, the subject was instructed to press the key in
their right hand if the target was seen, and to do nothing otherwise. The sub-
ject was told to be sure the fixation point was in good focus before initiating
each session. The trials were self-paced. The subject began each trial by
pressing the key in their left hand, which triggered the target. Throughout
each session, the examiner monitored if the target spot was fallen on the
vessel.
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Subjects participated in eleven experimental sessions, each of which corre-
sponded to one of the target sizes selected randomly. A session consisted of
five blocks of ten or twenty trials. Prior to each session, five trials were per-
formed so that target intensity was set up to the vicinity of the threshold.
Ten or twenty data were collected by the up-down method and 50% threshold,
at which 50% ‘Yes’ responses were obtained, was determined from the
probability-seeing curve.

Subjects

One normal subject and three abnormal subjects participated in this exper-
iment. The visual acuity of the normal subject, HK. (27-year-old man) was
more than 1.0 for both eyes without correction. Two abnormal subjects,
suffering from intractable amblyopia, were M.H. (26-year-old woman) and
JK. (29-year-old woman). The visual acuity of these patients was 0.05 in
amblyopic eye and 1.2 in non-amblyopic eye without correction. The other
abnormal subject, suffering from the bilateral retrobulbar optic neuritis, was
N.K. (30-year-old woman). The visual acuity of the patient improved from
0.02 to 1.2 on both eyes after treatment with corticosteroid for two weeks.

RESULTS

The results of these experiments are illustrated in Figures 2 to 7. Figure 2
shows the spatial summation curves in normal subject H.K., in which log

H
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Fig 2. Relation between log light energy of increment threshold (ordinate) and log area
of stimulus (abscissa) at six different eccentricities in normal subject H.K.
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Fig. 4. The data at the fovea in amblyopic (upper) and non amblyopic (lower) eyes in
subject H.M.
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Fig. 6. The data at five different eccentricities, 1, 2, 4, 5 and 10 degrees, in subject N.K.,
suffering from acute optic neuritis, at three days after recovery of vision.
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Fig. 7. The data in subject N.K. at two weeks later.

light energy of increment threshold plotted against log area of stimulus at six
different eccentricities. The data of increment threshold show a certain regu-
larity, in which with very small stimuli they are paralle] to the abscissa, and
with large stimuli they approach a slope of 45°. Thus, the sensitivity curves
have two asymptotes. The former shows complete spatial summation and the
latter, no summation. We termed the stimulus diameter at the intersecting
point of the two asymptotic lines as critical size diameter. Increment threshold
energy of complete summation increased monotonically with retinal locus up
to 10 degrees from the fovea. Fig. 3 shows the critical size diameter plotted
against the eccentricity from the fovea in subject H.K.

Figs. 4 and 5 show the spatial summation curves at the fovea in amblyopic
and non amblyopic eyes in subject H.M. and subject J.K., respectively. In
these two subjects, increment threshold energy at the fovea in amblyopic eye
is larger than that in non amblyopic eye with very small stimuli. With large
stimuli the former differs little from the latter.

Spatial summation curves at five different eccentricities (1, 2, 4, 5 and
10°) in subject N.K., suffering from acute optic neuritis, at three days after
recovery of vision is shown in Fig. 6. With small stimuli, incomplete spatial
summation occurred instead of complete summation. Two weeks later, spatial
summation curves became completely normal (Fig. 7).
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DISCUSSION

Spatial summation, one of the most basic and essential functions for vision,
has been studied in normal and abnormal subjects (1, 2, 6). The importance
of analysing spatial summation effects needs no longer to be emphasized. It
was supported that the psychological properties of spatial summation were
closely related to the receptive field organization of the retinal ganglion cells.
Most of these experimental systems, however, are so delicate and complicated
that they are not acceptable for clinical applications. Furthermore, not all of
them are suitable for analysing in patients poor central fixation.

The advantages of fundus controlled perimetry (4) used in the present
experiment are as follows:

By the television image we can easily grasp (1) whether the light beam
passes through the center of the pupil, (2) where the stimulus falls, (3)
whether the retinal locus is free from the vessels or retinal diseases, and (4)
whether the eye does not move during the stimulation.

In normal subject H.K., the sensitivity curves have two asymptotes as
shown in Fig. 2. Two asymptotes mean complete spatial summation and non
summation, respectively. Our results are in nearly complete agreement with
others (2, 6). From these results, the conclusion can be drawn that the fundus
controlled perimeter is reliable for analysing spatial summation effects.

There have been few studies concerning foveal sensitivity in eccentrically
fixating eyes. Using the fundus controlled perimetry, we can easily examine
foveal function in patients with poor fixation. In amblyopic subjects, the
sensitivity curves at the fovea in non amblyopic eyes are similar to those at
the fovea in normal subject. In amblyopic eyes, the sensitivity curves at the
fovea are similar to those at the parafoveal or peripheral retina in normal sub-
ject.

The fact that the receptive field size in amblyopic eye is larger than that in
non amblyopic eye in experimental animal has gained wide acceptance. While
a proposal of this fact to extend to human is very attractive, it still lacks
direct experimental support. Our findings in this experiment could show this
possibility, although it needs still more thorough researches.

In subject N.K., the data of increment threshold show lack of complete
summation at three days after recovery of vision (Fig. 6), and normal sum-
mation effects at two weeks after recovery of vision. Why have the data of
increment threshold no regularity with small stimuli? The suggestion for this
problem is controversial (5). We attempted to explain the lack of complete
summation in this patient on the basis of dysfunction of energy transmission
rather than abnormality of visual field, such as sieve like defect.

The simplicity of this technique, availability and lack of discomfort, and
ability to perform in subjects with fixation instability, make it clinicaily
useful as a guide to the analysis of the visual function.
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COMPARISON OF SPATIAL CONTRAST SENSITIVITY WITH
VISUAL FIELD IN OPTIC NEUROPATHY AND GLAUCOMA

YUSAKU TAGAMI, TAKAHIRO ONUMA, KUNIYOSHI MIZOKAMI &
YOSHIMASA ISAYAMA

(Kobe, Japan)

ABSTRACT

The contrast sensitivity functions (CSFs) were disturbed in recovered optic neuropathy
and early glaucoma cases with the visual acuity of more than 1.0 in the conventional
acuity tests, and gradually decreased as the atrophic states of the maculopapillar bundles
developed ophthalmoscopically. The statistical analysis revealed that the static visual
fields were also disturbed when the CSFs were decreased in these cases. Both of the CSFs
and the static field were useful for the detection of abnormal central vision.

INTRODUCTION

During the last decade psychophysical analysis had demonstrated that
measurement of spatial contrast sensitivity is one of the most reliable
methods for general description of an entire visual system (3). By studying
the contrast sensitivity functions (CSFs), it is possible to detect a deficiency
of visual functions not determined in the conventional acuity tests. Recently,
disturbances of the CSFs were described in optic neuropathy (1, 3, 7, 12) and
glaucoma cases (2), however, there was not specific mention of their corre-
lations with the visual fields which have been widely used in clinical opthalm-
ology.

In optic neuropathies, a close relationship was found between the static
visual fields and the atrophic states of the maculopapillar bundles under red-
free light (10, 11) and also it was documented that the CSFs decreased as the
atrophy of the maculopapillar bundles developed (6).

It is then of interest to compare the detection ability of the CSF test with
that of static perimetry in recovered optic neuropathy and early glaucoma
cases with the visual acuity of more than 1.0 in the conventional acuity tests.

SUBJECTS AND METHODS
21 patients (27 eyes) with recovered optic neuropathies were studied after a

minimum of 2 months the patients regained the visual acuity of over 1.0 by
the conventional acuity tests. 6 patients (6 eyes) with ocular hypertension
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and 12 patients (12 eyes) with primary open-angle glaucoma with the visual
acuity of over 1.0 were also used for this study. In glaucoma cases, kinetic
visual fields showed only paracentral scotomas with or without slight nasal
steps.

In all cases, the CSFs were examined and compared with the atropic states
of the maculopapiilar bundles under red-free light. In 12 cases with optic
neuropathy and 6 cases with glaucoma, the CSFs were compared with the
macular sensitivity examined by Tibinger’s static perimetry and with the
foveal sensitivity determined by Quantitative Maculometry with direct fundus
examination (5), which maintained the polite central fixation during the
measurements. The age range of the patients was 1950 years with a median
of 36.5 years.

1. Contrast sensitivity functions (CSFs)

A laser interferometer (retinal visual acuity and MTF tester, EA-250M,
Takata Co., Tokyo) was used for this study. This interferometer is described
in detail in Sugimachi et al. (9). Light from a He-Ne laser was divided into
two beams and focused into two small focal images in the observer’s pupil.
The resulting interference pattern appeared to the observer as a vertical and
red sine-wave grating that filled a circular test field subtending an angle of 5
degrees in a dark surrounding. The spatial frequency and the contrast could
be varied by maintaining a constant mean retinal illuminance of 300 trolands.
The constant sensitivity was examined at each spatial frequency of 1.5, 2, 3,
4, 5, 6,10, 14, 20 and 30 cycles/degree. The sensitivity was determined by
raising the contrast from a subthreshold level at a selected spatial frequency
until a pattern was just visible to the observer. The measurements were car-
ried out more than 6 times, then the mean and the standard deviation were
calculated. The contrast sensitivity was determined monocularly with the
natural pupil, and when the observer had a refractive error of more than +2D,
suitable contact lenses were used during the measurements.

The results from 30 normal subjects with the age range of 16—50 years
{mean 34.0 years) were used as the normal controls.

The contrast sensitivity at each spatial frequency of the patients was
divided by that of the control function, then added together and averaged.
The results were used for the attenuation ratio of the CSFs.

2. Red-free fundus photography

The atrophic stages of the maculopapillar bundles under red-free light in
recovered optic neuropathy were described in detail in a recent paper (11).
The atrophic stages of the maculopapillar bundles were classified into stage 1
(normal state or only slight diffuse atrophy), stage 2 (moderate diffuse
atrophy) and stage 3 (severe diffuse atrophy).

3. Macular sensitivity by Tiibinger’s static perimetry

The field was examined using a 7' white stimulus with the background illumi-
nation of 10asb. The sensitivities of 7 points, all inside 3 degrees from 0
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degree, were determined at every 1 degree on the horizontal meridian. The
sensitivities were averaged, and the result in each patient divided by the mean
of that in 12 normal controls (age range 22—48 years, mean 35.2 years) was
used for the attenuation ratio of the macular sensitivity.

4. Foveolar sensitivity by quantitative maculometry

The sensitivity at O degree was examined using a 6.37" white stimulus with
the background illumination of 250 asb. The sensitivity in each patient divided
by the mean of that in 12 normal controls (age range 2248 years, mean
35.2 years) was used for the attenuation ratio of the foveolar sensitivity.

RESULTS
1. CSFs and atrophic stages of maculopapillar bundles

The means of the CSFs in each atrophic stage of recovered optic neuropathy
and the normal controls are illustrated in Fig. 1 for spatial frequencies. Simi-
larly, the means of the CSF in ocular hypertension and early glaucoma cases
are illustrated in Fig. 2. The CSFs in the normal controls had a bell-shaped,
high and low frequency attenuation with a peak sensitivity at 3 cycles/degree.

The results of the CSFs were analysed by the student’s t-test at each
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Fig. 1. Spatial contrast sensitivity functions (CSFs) in recovered optic neuropathy with
various atrophic stages of maculopapillar bundles and the normal controls ©, normal
controls; e—e,_ atrophic stage 1; w—m_ atrophic stage 2; o—4, atrophic stage 3.
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Fig. 2. CSFs in ocular hypertension, early glaucoma and the normal controls. o, normal
controls; e—e, ocular hypertension; o—a, early glaucoma.

examined spatial frequency in regard to the difference between the control
and the patient’s groups. In atrophic stage 1 of recovered optic neuropathy,
the sensitivity was significantly decreased only at 3 cycles/degree (P < 0.01),
as compared with the normal controls. In atrophic stage 2, the sensitivities
were slightly decreased at all spatial frequencies, however, the statistical
analysis revealed significant decreases at 1.5 (P <0.01), 2 (P<0.01),3 (P<
0.01), 4 (P <0.05), 7 (P <0.05) and 30 (P <0.01) cycles/degree. The sensi-
tivities were significantly decreased at all spatial frequencies (P <<0.01) in
atrophic stage 3. Even when the atrophic stages of maculopapillar bundles
developed to stage 3, the bell-shaped, high and low frequency attenuation was
not changed.

In early glaucoma cases, the sensitivity was significantly decreased at
3 (P<0.01) and 4 cycles/degree (P <0.05). There were no significant
differences between ocular hypertension cases and the normal controls. The
maculopapillar bundles in early glaucoma cases were almost normal states
(stage 1) under red-free light.

2. CSFs and macular sensitivity by Titbinger’s static perimetry

The attenuation ratio of the CSFs significantly correlates with that of the
macular sensitivity examined by Tibinger’s static perimetry (r =048, P<
0.01) as illustrated in Fig. 3.

3. CSFs and foveolar sensitivity by quantitative maculometry

The attenuation ratio of the CSFs has no significant correlation with that of
the foveolar sensitivity determined by Quantitative Maculometry (r = —0.11),
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Fig. 3. Correlations between CSFs and macular sensitivity by Tubinger’s static central
field, e, recovered optic neuropathy; 4, easly glaucoma.
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Fig 4. Correlations between CSFs and foveal sensitivity by Quantitative Maculometry,
e, recovered optic neuropathy; 4, early glaucoma.

as illustrated in Figure 4. The foveolar sensitivities have relatively good values
even when the CSFs are disturbed.

CASE REPORTS

For example, the CSF and Tiibinger’s static central field in a case of recovered
optic neuropathy and early glaucoma are given in Figs. 5 and 6.

In a recovered optic neuropathy case, the CSF is decreased at all spatial
frequencies and the Tiibinger’s static field shows a paracentral depression. In
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Fig. 5 CSF and Tiibinger’s static field in a case of recovered optic neuropathy. The foveal
sensitivity by Quantitative Maculometry was 1.4 (the mean of the normal control 1.4).
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Fig. 6 CSF, Goldmann’s kinetic field and Tubinger’s static field in a case of early glau-
coma. The foveal sensitivity by Quantitative Maculometry was 1.3 (the mean of the
normal control 1.4).
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an early glaucoma case, the CSF is slightly decreased at 3—4 cvcles/de gree

WRISILG ESLs ALY RS ity ~ bt ~ i A

and the Tublnger s static field shows a wedge-shaped paracentral depressmn
In each case, the foveolar sensitivity by Quantitative Maculometry is relatively
good as compared with the normal controls.

DISCUSSION

The statistical analysis in the present study confirms our recent conclusion
that the CSFs are disturbed in cases of recovered optic neuropathy and early
glaucoma with good visual acuity, and gradually decrease as the atrophic states
of the maculopapillar bundles develop ophthalmoscopically (6). In addition,
the analysis also reveals the slight losses of the CSFs in the early stage of glau-
coma, in which the central vision has been believed to be undisturbed until
the late stages.

As to correlations between the CSFs and the visual field examinations, the
sensitivity of the whole macular region examined by Tiibinger’s static field
also decreased when the losses of the CSFs existed. However, the foveolar
sensitivity examined by Quantitative Maculometry did not decrease even
when the CSFs were disturbed. Most likely, the foveolar sensitivity corre-
sponds to the good visual acuity in the conventional acuity tests (10). These
facts indicate that the losses of the CSFs at the spatial frequency of 1.5 to 30
cycles/degree mainly correspond to the parafoveolar decreases in the static
field tests in these cases.

In conclusion, both of CSF tests and accurate static visual field exami-
nations are clinically useful for the detection of abnormal central vision in
cases of optic neuropathy and glaucoma.
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EARLY DISTURBANCES OF COLOUR VISION
IN CHRONIC OPEN ANGLE GLAUCOMA

STEPHEN M. DRANCE

(Vancouver, Canada)

INTRODUCTION

I am honoured by the invitation to join that distinctive group of ophthal-
mologists who have been invited to present the Francis Richardson Cross
Lecture. I accept this invitation on behalf of a team of colleagues and tech-
nicians who have worked with me over the years. Francis Richardson Cross
was a remarkable person whose life spanned 83 years until his death in 1931
from influenza. He practised ophthalmology until he was 80 years old and at
the age of 78 was still operating with skill and steadiness. Born in Somerset, he
received his medical education in London where he was influenced by Lister.
He held ophthalmic posts at the Royal Ophthalmic Hospital and at King’s
College Hospital and was an evening Lecturer in physiology and a part-time
demonstrator in anatomy in London. In Bristol he joined the Department
of Anatomy and was then appointed into general surgery at the Royal Infirm-
ary before becoming an ophthalmic surgeon in the Eye Department of the
Royal Infirmary which he founded, and at the Eye Hospital which was in
poor shape until reorganized by him. Cross became the first Dean of Medicine
in 1880 and subsequently held the post of Lecturer and Reader in Ophthal-
mology. His academic accomplishments included the annual oration of the
Medical Society of London, the Bradshaw Lecture of the Royal College of
Surgeons, the Long Fox Lecture in Bristol and the Doyne Memorial Lecture
at the Oxford Congress. His bibliography includes general surgical as well as
many ophthalmological subjects, among them many of interest to the Inter-
national Perimetric Society.

He was a striking looking man, over six feet in height, and white hair
through most of his life. He became Sheriff of Bristol, President of the
Grateful Society, and President of the Bristol Dolphin Society, as well as
a Councillor Clifton Coliege. Almost 50 years have now gone by since his
death but it is clear that we are honoring a remarkable ophthalmologist.

Chronic open glaucoma is a disease in which the optic nerve suffers charac-
teristic damage ultimately manifested by both cupping and excavation associ-
ated with characteristic nerve fibre bundle defects of the visual field. This
neuropathy is usually accompanied by various degrees of elevations of intra-
ocular pressure which may be either associated with the disease or causative.
The neuropathy can also occur without any demonstrable elevations of
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intraocular pressure presumably because of the many other factors with
which intraocular pressure can interact. Fifteen percent of glaucoma patients
with visual field defects show no clearly recognizable changes at the optic
nerve head, but in the remaining 85% there is good correlation between the
optic nerve head appearance and a visual field defect (3). In many the cup of
the optic nerve head enlarges symmetrically prior to the development of
characteristic nerve fibre bundle defects (1). This makes it clear that disc
changes usually precede visual field defects, but that field defects may occur
prior to the appearance of characteristic and recognizable features at the
optic nerve head. In recent years studies of visual functions other than in-
crement thresholds have been carried out to see if abnormal functions occur
before a visual field defect takes place. Such changes might have a better
correlation with the early subtle appearances of the optic nerve head. Con-
trast sensitivity (2) and receptive field-like functions (4) has been found to
be abnormal in glaucoma suspects prior to visual field disturbances. Neither
of these two have yet been prospectively validated for their predictive value.
Increased scatter of increment threshold response, tested kinetically and
statically, were found to be abnormal in localized areas of the visual field
which subsequently developed nerve fibre bundle disturbances (6).

COLOUR VISION AND ITS RELATIONSHIP TO
CHRONIC OPEN ANGLE GLAUCOMA

Disturbances of colour vision have been described in the glaucomas since
1881. A number of workers found that the yellow/blue end of the spectrum
was disturbed in glaucoma, while others suggested that red/green disturbances
accompany the disease (Table 1). Much of this work was done prior to the
differentiation between angle closure glaucoma and chronic open angle glau-
coma and it is therefore difficult to sort out the differences between these
conflicting reports. Studies (5) with the Farnsworth Munsell 100-Hue Test
and the Pickford Nicholson Anomaloscope of 248 eyes in 248 patients with
elevated intraocular pressure and 194 eyes with varying severity of glaucoma-
tous visual field defects showed a correlation between the severity of visual
field defects and the disturbance of colour discrimination. Eyes with elevated
intraocular pressure showed poorer colour discrimination than eyes with
normal pressure in people of the same age. In those eyes on pilocarpine there

Table 1. Colour vision disturbances in glaucoma.

Red/green disturbance Yellow/blue disturbance
1924 Koellner 1881 Bull

1926 Engelking 1959 Francois & Verriest
1927  Speciale et al. 1961 Ourgaud & Etienne
1960 DuBois Poulsen & Magis 1967 Ayers

1966 Zimmerman 1968 Meduri et al.

1971 Kiill & Fishman
1972  Grutzner & Scheicher
1979 Lakowski & Drance
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Fig. 1. Frequency distribution of eyes with elevated intraocular pressure followed for 5
years or more without developing a visual defect. The 100-Hue scores of the eyes that
developed chronic open angle glaucoma during the follow-up period is also shown.

was poorer colour discrimination compared with untreated eyes. Nineteen
percent of eyes with elevated intraocular pressure without pilocarpine had a
colour score worse than the 95th percentile for normals, while in those on
pilocarpine 50% had a score worse than the 95th percentile. In the advanced
open angle glaucoma group 74% were above the 95th percentile for normals.
With the Pickford Nicholson Anomaloscope the losses seemed to be most
marked in the yellow/blue and blue/green part of the spectrum and were
severe enough to amount to a Tritan or Tetartan defect.

We studied and followed 47 patients with elevated intraocular pressures
who had their colour score examined more than 5 years earlier and who did
not develop visual field defects during that period of time. In addition to
that, 22 patients (24 eyes) developed field defects during the course of the
5 year follow-up. One eye of each of the 22 patients who developed open
angle glaucoma were used to analyse the incidence of glaucoma in the groups
with normal and poor colour discrimination (Fig. 1). Using the Chi Square
test (Table 2) the incidence of glaucomatous visual field defects was signifi-
cantly higher as the 100-Hue score increased. Of those whose 100-Hue scores
was 100 or less, 19% developed visual field defects whereas of those whose

Table 2. 100-Hue scores of patients who developed glaucomatous
field defects and ocular hypertensives followed for 5 years.

100 Hue scores
0-100 101-200 >201 Total

No field defects 34 10 3 47
Field defects 8 4 10 22
Total 42 14 13 69

x* =1543 P <0.001.
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scores were over 200, 77% developed a field defect during the 5 year follow-
up. These differences were statistically significant at the 0.001 level of
probability.

We used Cox’s method of logistical linear regression of the 100-Hue colour
vision scores on the log of the odds of developing a field defect. Each person
in the population has a probability of developing a nerve fibre bundle field
defect. This probability appears to increase exponentially with the colour
vision score (Table 2). The log of the probability of developing a defect is
therefore approximately linear and the log of the probability of not de-
veloping a field defect is also linear. If the odds ratio of the iy, subject is
pi/(1 — pj) then Ai (the log of the odds) is equal to the log of p;j/(1 — p;) and
this is equal to a + f(x; — X). Where X is equal to the log of the odds, p; is
the probability of developing a field defect for the iy, patient and x; the
colour vision score for that person while X is the mean colour vision score
for the group.

Utilizing the information from the 100-Hue tests the log odds (A) is equal
to —1.9 + 0.005(x — 133.53). The probability that the slope was signifi-
cantly different from zero is highly significant with a probability equal to
0.0062.

DISCUSSION

A number of visual functions have recently been shown to be abnormal in
glaucoma suspects prior to the development of nerve fibre bundle defects of
the classical type. In some of these, such abnormalities in contrast sensitivity
and receptive field-like functions have not yet been shown to be followed by
visual field defects but this is probable. Increased localized scatter of in-
crement thresholds and colour vision disturbances reported in this paper have
a validated predictive value of subsequent visual field defects compared with
those in whom these visual functions were normal. As these visual function
disturbances seem to occur earlier than the classical nerve fibre bundle defects
it will be interesting to correlate them with the earliest tissue disturbances of
the optic nerve head. Hopefully the change in structure would be accompanied
by appropriate changes in function, even though the classical perimetric in-
crement thresholds may not be sensitive enough to indicate such early func-
tional disturbance. By utilizing the 100-Hue score of a suspect in the estimate
of the log of the odds of developing a field defect one can work out the risks
for the individual of developing subsequent visual field defects. This may have
important prognostic value for an individual at risk. Although the risks of
developing damage are much greater the more disturbed the colour score,
some patients develop field defects with initial scores within the 95th per-
centile for the normal population. Even among those who already have the
disease there are some whose colour scores show no abnormality, which
would indicate that there are many patients in whom visual field disturbance
is preceded by a disturbance in colour vision and others in whom no such
disturbance precedes the field defect. The demonstration that there may be
at least two mechanisms of developing a visual field defect in chronic open
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angle glaucoma should start research to explore if there are more mechanisms
of damage which might explain some of the conceptual difficulties which we
have had in understanding the disease.
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ANDERS HEDIN & GUY VERRIEST

(Stockholm, Sweden/Ghent, Belgium)

ABSTRACT

Renewed interest has in recent years been paid to colour perimetry. The question has,
however, been put forward whether perimetry with coloured targets is of any clinical
value. The authors have therefore been asked by the IPS to present a report on ‘the
current status of colour perimetric testing and standards indicating specific diseases
where colour provides information over and above that available when using white light
perimetry’. This paper is a review of the current knowledge of the peripheral colour
vision physiology and of studies where colour targets have given unique information.
Because of space limitation, details of the physiology and of early studies are excluded;
the reader is referred to recent papers by the authors (41, 85, 86).

What is colour perimetry? To some, it means measurements only in the per-
iphery, i.e., outside the fovea. To others, it means measurements with the aid
of a perimeter and includes the fixation point. Thresholds recorded are either
chromatic or achromatic, a distinction of immense importance in studies
outside the central part of the visual field. Other end-points are the hue
variation or magnitude (or loss) of saturation of a coloured stimulus. All dif-
ferent tests will be covered in the paper, also foveal measurements, although
we consider the extrafoveal visual field of primary importance when we talk
about colour perimetry.

Some qualitative attributes of peripheral colour vision have been known
since the beginning of the 19th century: colours lose saturation as they are
moved outwards from the fixation point and most colours are subject to hue
shifts. Quantitative aspects, on the other hand, have always been the subject
of much debate, mainly because of the obvious dependence of the results on
the experimental conditions. Examples of variables that need precise control
are the state of adaptation and stimulus parameters like size, duration, lumi-
nance and chromaticity. Testing colour perception in the periphery is more
complicated than foveal testing because of lower visual acuity and increased
optical aberrations, rapid local adaptation (Troxler effect) and the uncer-
tainty of peripheral visual judgements (62).

Ordinary colour vision tests unfortunately cannot be used in the periphery
of the visual field (90). Outside 20—30°, pseudo-isochromatic plates are not
read at all, and arrangement profiles become anarchic. Thus, for clinical
studies of peripheral colour vision perimetric methods are necessary.
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PERIPHERAL COLOUR VISION PHYSIOLOGY
Colour discrimination at the retinal level

A prerequisite for understanding the psychology and psycho-physics of colour
vision is some knowledge of the reactions at the cellular level. Naturally,
human data are scarce, and some information must be deduced from studies
of primates whose colour vision is similar to that of man.

According to the duplicity theory of vision, colour sense is mediated by
cones and achromatic night vision by rods. In the peripheral field, however,
rods do contribute to colour vision (73—76, 79, 80). Colour vision is medi-
ated through a trichromatic receptor stage to an opponent response stage
further centrally. At the receptor stage, there are three kinds of cones with
maximum absorption of short wavelengths (B cones), medium wavelengths
(G cones), or long wavelengths (R cones).

Some limit to the peripheral colour vision must be set by the total and
relative number of cell elements in the different parts of the retina. The den-
sity of cones and ganglion celis steadily decreases from the fixation point out-
wards; most steeply within 10° (28). B cones are relatively less frequent; they
are fewest in number in the fovea and densest at about 1°. From 5° to the
outer periphery the proportion of the cone types are: B cones 13%, G cones
54%, and R cones 33% (55).

Retinal ganglion cells are divided according to their spectral response char-
acteristics into colour-opponent and non-opponent classes. The latter class
reacts with the same type of response to all wavelengths; reactions are phasic
and the conduction velocity is high. Colour-opponent cells react with tonic
maintained responses and their conduction velocity is lower. They are excited
by some wavelengths and inhibited by others. Two or sometimes three cone
types feed into each ganglion cell. In the parafoveal retina, rods also activate
some opponent cells, and these can under dark adaptation change into non-
opponent cells. Colour-opponent cells comprise the highest proportion near
the fovea, non-opponent in the more peripheral part of the retina (1, 18, 19,
20, 32). It was recently shown that with sufficiently high flicker frequency
colour-opponent cells can change to non-opponent cells with a different spec-
tral response (33).

Little, if any, chromatic processing is thought to occur between the
ganglion cells and cells of the geniculate nucleus. In the striate cortex, colour
opponent cells have been found in 25—54% of the total number studied. Para-
foveal cells are less frequently colour opponent than foveal cells (31, 32, 44).

Summarizing these data, we see that the density of cones and ganglion
cells and the proportion of colour-opponent cells decrease with increasing
distance from the fixation point. Impaired colour vision in the periphery is
a logical consequence of these distributions.

Psycho-physics of peripheral colour vision

At the detection threshold, colour stimuli are seen coloured or colourless. In
the latter case, colour perception is attained first at a higher intensity level.
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The first threshold is then called the achromatic threshold and the second one
is called the chromatic threshold. Between these is the hotochromat1 inter-

val, which varies with stimulus characteristics, eccentricity and state of adap-
tation (72, 104).

In order that the stimulus shall be detected, the luminance threshold must
be passed, i.e., a sufficient reaction of brightness-sensitive elements must be
created. There is today firm evidence that brightness is mediated through

haath anhranaati +
both achromatic non-opponent and chromatic colour-opponent channels (38,

96). The contribution of the chromatic channels is the so-called chromatic
brightness, which is relatively greater in the spectrum extremes (29). In order
that the stimulus hue shall be identified, the chromatic brightness must reach
a certain proportion of the total brightness response.® The spectral sensitivity
is recorded by means of absolute thresholds, increment thresholds, brightness
matching, or other methods (40, 48). The spectral sensitivity curve is not
uniform, but varies with the relative response of the two brightness-mediating
channels. In most situations, the threshold depends on the most sensitive of
the two systems.

Flicker photometry and minimum border measurements provide mono-
phasic curves pointing at about 555nm and similar to the CIE V(A) curve.
These curves are supposed to depend on achromatic non-opponent channel
activity. Another curve type, broader and with several humps and dips, is re-
corded when the absolute or increment thresholds are measured or using het-
erochromatic brightness matching. The humps are located at about 440 nm,
530 nm, and 600 nm. In these conditions, the colour opponent channels are
also active, and the humps are claimed to show cone responses or interaction
between cone mechanisms (69). Certain test situations favour the broader
humped curve, as shown by King-Smith & Carden (45), Zrenner (112) and
Ichikawa et al. (42). These are stimuli of long duration and large subtense and
a high luminance background (Fig. 1). Possible reasons for this behaviour are
greater spatial and temporal integration in the colour-opponent than in the
non-opponent channels.

These data show that chromatic reactions can be studied using coloured
stimuli and achromatic subject responses.

Under scotopic conditions, the spectral sensitivity does not vary with
retinal eccentricity (apart from the pre-receptor absorption by, e.g., the
macular pigment) and corresponds to the properties of rhodospin (47, 103).

The photopic spectral sensitivity varies, however, with retinal location.
Lights of equal foveal brightness, i.e., lights equated for brightness according
to the foveal luminosity function, may be drastically mis-matched when
viewed peripherally (2).

The peripheral spectral sensitivity curves are, like the foveal, influenced
by the test conditions. Thus, heterochromatic brightness matching, and ab-
solute and increment threshold curves show several maxima (Fig. 2; 10, 11,
47, 70, 77, 82, 101, 102). Also, when increment thresholds are measured

* Recent papers on this matter were presented at the European Conference on Visual
Perception, Noordwijkerhout, 1979 by a.o. Bauer & Cavonius and Burns, Smith, Pokorny
& FElsner. A review on the detection and identification of coloured stimuli is that of
Voke (94).
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Fig. 1. Inctemént threshold spectral sensitivity curves; 1° test flashes on a 1000 td white
background (symbols). Circles: 200 ms flashes; squares: 10 ms flashes. The curves show
the deduced sensitivities of the luminance system (L, continuous curves), and the op-
ponent-colour systems (C, dashed curves). (From King-Smith & Carden, 1976).

with the aid of a clinical perimeter calibrated in energies, irregularities of the
curves appear (Fig. 3; 89).

The overall spectral sensitivity in the periphery differs from that of the
fovea: short wavelength sensitivity is higher outside the fixation point (Figs.
2,4;2,47,70,77,97). This finding has been partly explained by the periph-
eral absence of the macular pigment. However, the main reason seems to be
rod intrusion, even under conditions which foveally are considered purely
photopic (74, 82, 100). Another possible reason is variations in the relative
activity of the different cone classes (see below).

When results from several studies are put together, it is evident that short
wavelength sensitivity increases from the fovea to about 10° and then poss-
ibly decreases (35, 107).
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Fig. 2. Mean. relative cone sensitivity curves. Dashed line: absolute thresholds of 42’
fox;eal stimuli. Continuous line: thresholds at the plateau of the dark adaptation curve at
10° eccentricity of 42’ stimuli. (From Sperling & Hsia, 1957).
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Fig. 3. Mean static achromatic thresholds to stimuli of different wavelength at different
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curves) background luminance in younger (left two diagrams) and older (right two dia-
grams) subjects. (From Verriest & Kandemir, 1974).

In order to disclose the activity of a single cone class, chromatic back-
grounds have been used to suppress the other two classes. Today, Wald’s
modification of Stiles’ original method is mostly used; this technique com-
prises suppression of two cone classes with broad-banded coloured back-
grounds (98). In the periphery, the method was used by Wald (99) and
Wooten & Wald (108). The latter found that the sensitivity of all three cone
mechanisms monotonically decreased from 7° outwards; the B cone mech-
anism was reduced to a greater extent, especially outside 40° (Fig. 5). The
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red and green components grew broader and more poorly separated periph-
erally. Results similar to Wooten & Wald’s were recently shown by Obstfeld
(67) for four meridians to an eccentricity of 30°. This author also found a
considerable variability between individuals and for different colours and
meridians. Chromatic backgrounds have also been used clinically, as will be
discussed later.

The results of the two-colour threshold studies show that the dichromacy
or monochromacy of the outer visual field cannot be explained by absence of
cone mechanisms. It has been suggested that the impaired colour discrimi-
nation is caused by neural fusion and the great reduction of blue cones (102,

108).
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Chromatic thresholds

As mentioned in the introduction, colour appearance varies with eccentricity.
Not only are colours desaturated towards the periphery, but most colours
also change their hue. Under certain test conditions, some colours are recog-
nized at greater angles than others. In early studies, one searched the so-called
invariable hues. Four colours were said to retain their hue until no longer
detectable in the outer field. Using these, the ‘colour zones’ were mapped;
yellow and blue zones were found more extensive than red and green ones.
However, these studies lacked careful control of the experimental conditions,
and first the works of Ferree & Rand (24) and Wentworth (104) were made
with sufficient precision. These studies showed that the chromatic threshold
increases with eccentricity; the increment slope, however, varies with both
hue and meridian (Fig. 6). Equal-energy stimuli of different hue give non-
identical colour fields. There are no ‘invariable’ hues. With a given stimulus
brightness and retinal location, there exists a certain order of detectability,
but this order may be reversed under other conditions. The form of the
colour isopter thus varies with stimulus brightness. With sufficient target in-
tensity, colour isopters reach out to the outer limit of the visual field. Colour
zones contract with decreasing target size and under dark adaptation. In the
latter condition, there is also a central depression for all colours.

Influence of target saturation on isopter size was more recently demon-
strated by Carlow, Flynn & Shipley (8).

These studies show that it is futile to compare normal and pathological
fields unless the testing conditions are identical. Ferree & Rand (24) stan-
dardized their test conditions and chose equal target/background lightness.
This way, the subject’s task was made easier, viz., only to signal target detec-
tion which on an equal lightness background must mean chromatic perception.
Engelking & Eckstein’s (21) test plates work on a similar basis. The equal
lightness colour plate is selected and can then be used to show red-green or
yellow-blue isopter contraction in acquired colour vision deficiencies.
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Fig. 6. Chromatic thresholds to red, yellow and blue stimuli on the horizontal meridian
under light adaptation. Inset shows the central field expanded. (From Wentworth, 1930).

167



The peripheral colour zone irregularities were confirmed by colour-
identification studies which demonstrated significant fluctuations in the
peripheral cutoffs (12, 13). Irregular curves and desaturation were shown by
Boynton, Schafer & Neun (7) by a colour-naming procedure. Reduced colour
discrimination mimicking a red-green colour deficiency was found, as recently
confirmed by Graham (34). With small targets, peripheral desaturation and
uncertain hue responses were shown by Gordon & Abramov (30) at 45°.
Their findings, however, pointed at a tritan type of peripheral deficiency.

Wavelength discrimination in the periphery

The deterioration found in colour-naming procedures has been quantified in
studies of wavelength discrimination thresholds and by colour matching.

Weale (102) and Moreland (62) showed impaired wavelength discrimi-
nation towards the periphery, most evident in the medium spectral region at
about 520 nm (Fig. 7). Recently it was shown, however, that this deterio-
ration first appeared under dark adaptation, whereby rods were supposed to
cause the effect (77).

By colour matching, a progressive, brightness dependent, reduction of the
spectrum locus with increasing distance from the fixation point has been
shown (Fig. 8; 10, 11, 63). The impairment was compatible with a gradual
deterioration of colour vision almost to monochromacy at 40—50°. The
findings could be explained by postulating either an increasing influence of
neural links or rod intrusion towards the periphery. Recent measurements
were performed at the cone plateau (73—75). In the periphery, hue shifts of
red and green towards yellow and from violet towards blue were found.

oo

A A nm

1 1 1 1

<50 500 550 600

Wavelength nm
Fig. 7. Wavelength discrimination thresholds at different locations with a low luminance

target. Individual data points of the original graph have been omitted. (From Weale,
1953).
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Fig 8 Asymmetric colour matches between a 15° (left) and a 25° (right) test stimulus
and a R+ G+ B foveal comparison field. Data are plotted in the WDW chromaticity chart;
1 and g are the relative admixtures of the red and green primary stimuli. The thick line is
the extrafoveal spectrum locus. For reference, the thin line shows the subject’s foveal
spectrum locus. Dashed lines show examples of how spectral stimuli change localization
with eccentricity. (From Moreland, 1972).

Suggested reasons were broader cone absorption curves, changes in the rela-
tive contribution of the cone mechanisms or neural pathway fusion. After
completed dark adaptation, the changes were similar but more extensive and
supposed to depend also upon rod intrusion.

Saturation thresholds

Verduyn Lunel & Crone (81) measured the saturation thresholds for colours
of different hue in different locations of the visual field. They showed that
thresholds increased along the temporal meridian for all hues; yellow-green
was most desaturated, blue-green and red least. In a later modification of the
apparatus (82), the background luminance was raised to 900 cd. m™2 in order
further to suppress rod activity. Using 16 wavelengths, spectral sensitivity and
saturation thresholds were measured. Normals showed outside 20° a distinct
impairment of saturation sensitivity with a neutral zone around 550 nm, i..,
a tritan type of colour vision (Fig. 9).

Arizaga & Mattiello (4) measured the foveal and 20° magnitude of satu-
ration. Low stimulus brightness was accompanied by reduced saturation sen-
sation. In the periphery, red and green stimuli retained their magnitude better
than yellow and blue stimuli.

Rod intrusion

It has been pointed out above that rods may influence spectral sensitivity and
colour discrimination in the periphery. It has also been shown that chromatic
thresholds increase after the cone-rod break in dark adaptation. The effect is
most pronounced for medium wavelengths, and the sensitivity loss can be
explained by an achromatic desaturant added by rods (3, 74, 106). Evidence
for a common rod and B cone pathway has been presented by Trezona (79,
80).

Rods are supposed to saturate at a luminance level of 120—300c¢d.m™
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Fig. 9. Saturation thresholds at different eccentricities and for different wavelengths;
two normal observers. Ordinate shows percentage of spectral light necessary for colour
perception. (From Verduyn Lunel & Crone, 1978)

(78) which means that rod activity cannot be excluded in many of our rou-
tine examinations.
CLINICAL COLOUR PERIMETRY
Thresholds and clinical potentials

In clinical colour perimetry, the end-points most frequently used are the
achromatic and the chromatic threshold. The former only demands mere
detection of the stimulus, and variability is not much greater than in white
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perceives a chromatic component in the stimulus. Thls does not mean the
same to all subjects, and variability is further exaggerated by the irregular
borders of the colour zones. Even worse is the situation when the subject is
asked to recognize a given colour (5, 43). Great testing difficulties arise even
with trained subjects (6).

Under certain adaptation conditions and with certain stimulus hues, the
threshold for light perception is lowest for rods or cones. Under photopic
conditions and with certain target/background characteristics, the spectral
response is dominated by colour-opponent mechanisms. When measuring
the photo-chromatic interval, wavelength discrimination limens or saturation
thresholds, the colour-opponent mechanisms also determine the results ob-
tained. With chromatic backgrounds, single cone classes can be studied more
or less isolated.

Thus, using coloured targets and with an appropriate selection of test
conditions it should be possible to disclose

1. cone or rod dysfunction
2. dysfunction of isolated cone classes
3. colour-opponent damage

Diseases possibly giving rise to these defects would include retinal dystrophies
or inflammatory conditions, optic nerve diseases etc.

Early colour perimetry

Coloured pigment stimuli were used already by Koéilner (51) to demonstrate
peripheral acquired colour vision defects. He measured chromatic thresholds
and showed that the blue isopter is contracted in chorioretinal disorders while
in optic nerve diseases the red and green isopters are reduced. Wilbrand &
Singer (105) showed that the photochromatic interval is increased in optic
nerve disorders.

These studies lacked careful control of the test conditions. The first clini-
cal study where the problems were considered is that of Zanen (110). He used
monochromatic stimuli and measured the static foveal achromatic and chrom-
atic thresholds in various diseases and confirmed some of the results above.

Achromatic colour perimetry with red objects was earlier used to reveal
conduction defects and it was claimed that red fields might be disturbed
when corresponding white fields are not. In later studies, it has not been poss-
ible to verify differences between white and coloured fields in conduction
disorders (16, 22). Colour can be used to reduce stimulus brightness whereby
a greater size target can substitute a small white one. These targets are less
sensitive to ametropia and possibly easier to work with. Even within liberal
definitions, this is not colour perimetry, however.

In order to disclose cone or rod dysfunction, red and blue objects have
been used. Red and blue achromatic threshold profiles were recorded in
Goldmann-Weekers® adaptometer and the Tibinger perimeter and revealed
specific disturbances in diseases affecting the rod and cone systems (37, 113).
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Sloan & Feiock (68) showed that the white light increment thresholds for
normal rods and cones are about equal at a luminance level similar to that of
the Tibinger perimeter (3 cd.m™2). With a red object, the achromatic rod
threshold was raised almost 20dB whereby cone thresholds could be selec-
tively studied in cases of cone degeneration. Recently, Massof & Finkelstein
(60) used red and blue-green targets in the Tiibinger perimeter to map the ex-
tension of rod and cone dysfunction in various forms of retinitis pigmentosa.

Colour thresholds in the Goldmann and Ttibinger perimeters

It was earlier stressed that colour perimetry demands careful control of the
experimental conditions. The two common apparatuses for clinical perimetry
provide neutral stable backgrounds and certain colour stimuli. In several
studies, thresholds to chromatic stimuli have been recorded using these two
perimeters.

Verriest (83, 84) used the Goldmann perimeter and showed that kinetic
achromatic and chromatic colour isopters were abnormal in some eye dis-
orders. Verriest & Israel (88) calibrated the targets and background of the
Goldmann perimeter. They then measured the static achromatic thresholds to
white, red, green, and blue objects at 0—50° in normals and subjects with
congenital colour vision deficiencies. In the periphery, a relative increase in
blue sensitivity was found. Findings in the deficient subjects were in the ex-
pected directions, i.e., reduced red sensitivity in protans etc. The differences
were not, however, fully explained by assuming a luminous sensitivity shift
equal to that of the fovea.

Frangois, Verriest & Israel (25) used the same equipment to study ac-
quired visual deficiencies. Wavelength specific sensitivity reductions were
found in yellow/blue and type I red/green deficiencies; only minor abnor-
malities in red/green type II deficiencies, however. The results of this kind of
perimetry was held to be easier to interpret than those of foveal pigment tests
like pseudo-isochromatic charts. Maione & Carta (53) using kinetic Goldmann
perimetry confirmed the early findings of contracted red and green isopters in
retrobulbar neuritis.

Recently, the Goldmann perimeter has been modified to provide stimuli
and backgrounds of high luminance (52). Preliminary studies of static achro-
matic thresholds to white and coloured stimuli showed selective sensitivity
losses in a few subjects with colour vision deficiencies.

The Tiibinger perimeter makes possible a greater selection of stimulus hues
and easier static measurements. With this perimeter, Nolte (66) measured reti-
nal profiles in normal eyes. Calibrations of stimuli and backgrounds were per-
formed by Verriest, Padmos & Greve (91) and Kitahara & Ichikawa (49). Ver-
riest & Kandemir (89) measured the static achromatic increment thresholds
to nine wavelengths on backgrounds of different luminance. Mesopic trends
were evident with a background luminance equal to or less than 3.15cd.m™.
Additional data were collected using 3.15 and 10cd.m™ backgrounds, the
latter giving responses of photopic character. Increment threshold spectral
sensitivity curves at different locations were not smooth but multihumped
with maxima for the filters 451, 528 and 600 nm. These humps were supposed
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to reflect activity in chromatic mechanisms, which is reasonable considering
the test conditions: large stimuli of long duration (44—116', 500 ms) and
rather high background luminance. Towards the periphery, the red and green
humps were less clearly separated (Fig. 3).

The achromatic thresholds were shown to depend to a high degree on the
subject’s age. Subjects with congenital colour vision deficiencies not only
lacked one hump, but their thresholds were overall higher than those of
normals (92).

120 pathological eyes were also studied (93). In general, the results were
similar to those of the earlier study with the Goldmann perimeter. Abnor-
mality was either wavelength specific or covered the whole spectrum (Fig. 10).
Some subjects with optic neuritis showed increased short wavelength sensi-
tivity. Peripheral abnormality was found in some diseases seemingly restricted
to the fovea. Colour perimetry was sensitive also in cases with normal white
light perimetry and normal visual acuity. It was further found that colour
perimetry in the fovea was more sensitive than a battery of traditional colour
vision tests. In a similar way, Marmion (56) showed that static colour per-
imetry was more sensitive than the 100-hue test in exudative diabetic
retinopathy.

Colour thresholds in other perimeters

Nemtseev (65) used yellow and red stimuli in a bowl perimeter to detect nasal
steps in glaucoma. Defects were evident both by achromatic and chromatic
thresholds. Superiority to white objects was, however, not discussed. Fried-
mann (26) tested subjects with open angle glaucoma and optic nerve disease
with coloured targets in the visual field analyser. In the few cases studied,
scotomas were deeper and more extensive with coloured filters.

Perimetry with chromatic backgrounds

As discussed earlier, selective suppression of one or two cone classes can be
achieved using a chromatic background of sufficient intensity. Most often,
a yellow background is used to isolate the B cones, a purple for the G cones,
and a blue for the R cones. This way, valuable information of the foveal
colour vision has been obtained both in normals and subjects with various
eye disorders (58). The same principle has also come to use in perimetry.
It demands, however, high background and target luminance and careful
catibration of the apparatus. Recent reports show that these problems can
be solved (39, 50, 52). Due consideration must be paid to the normal vari-
ation of the cone mechanisms with eccentricity (57, 108).

Using this principle, it was shown that static measures of the blue
thresholds on a yellow background was a sensitive test in cases with macular
edema (36). Hansen (39) modified and calibrated the Goldmann perimeter to
provide backgrounds of three colours and test stimuli of nine wavelengths.
By measuring the static achromatic thresholds at different locations, profiles
along meridians and spectral sensitivity curves were obtained (Fig. 11).
Among the results were selective depressions of rods or certain cone classes
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Fig. 11. Spectral sensitivity curves of normals measured in the Goldmann perimeter with
coloured backgrounds; B = blue background, P = purple background, and Y = yellow
background. Circles show foveal registrations; the others are eccentric according to the
graph. Dotted lines show the red, green, and blue primaries of Walraven, 1974. (From
Hansen, 1979)

in chloroquine retinopathy, cone dystrophies and retinitis pigmentosa (Fig.
12). Some of the subjects, as well as others with cerebromacular degeneration,
amblyopia, or Refsum’s disease, showed selective depression of one or several
cone classes in restricted visual field areas. The method thus enabled detec-
tion and mapping of areas with impaired receptor function. Another study
showed that the method can be used to differentiate between blue cone
monochromacy and rod monochromacy.

Maione and coll. (54, 64) have used the Goldmann perimeter equipped
with filters to provide coloured backgrounds of moderate brightness. Six
or seven test colours were used. In the latter paper, the spectral sensitivity
curves in the fovea and at 20° showed several humps attributed to some of
Stiles’ mechanisms. In optic neuritis and macular degeneration, selective
sensitivity reductions were found; the peripheral data, however, not giving
any information over the foveal.

Vola and coll. (95) recorded in the Tibinger perimeter the foveal
thresholds for red and green stimuli on a red background. The threshold
versus intensity curves showed several discontinuities similar to those of
Stiles” original data. Some patients with congenital colour vision deficiencies
or optic neuritis differed from the normals.

Promising results were recently published by Marré, Marré & Schreiber
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Fig. 12. Static achromatic thresholds at various eccentricities measured in the Goldmann
perimeter with white and coloured backgrounds. Dotted areas: ranges of normat vari-
ation. Curves are from a case of retinitis pigmentosa. The stimuli were for the blue back-
ground 617.5 nm and for the purple background 562.5 nm. (From Hansen, 1979)

(57). They recorded the achromatic kinetic thresholds for a blue stimulus on
a yellow background of 38cd.m™2. Out of 104 subjects with open angle
glaucoma and normal white light perimetry, 57% showed arcuate scotomas
or nasal steps with colour perimetry. A possible reason for these findings is
an early yellow-blue opponent cell damage. B cones mediate brightness to
a very small extent and the supposed dysfunction if therefore concealed when
white stimuli are used.

Other methods

Yokoi (109) measured the critical fusion frequency with white and coloured
stimuli in the Tibinger perimeter. This way retinal diseases were differen-
tiated from optic nerve disease. Matsuo (61) showed that, in patients with
glaucoma, the critical fusion frequency for red but not white objects was
reduced in Bjerrum’s area.

Spatial summation and early adaptation has also been studied with the aid
of coloured targets in the Tiibinger perimeter (14, 15).

Supra-threshold saturation studies

Desaturation is a feature of certain eye disorders that has been used to reveal
visual field defects. Chamlin (9) presented a red object on both sides of the
vertical meridian; relative visual field defects were characterized by a colour
shift to pink or white. Frisén (27) used a self-luminous red or green object
which was moved in a circle 10—20° from the visual axis. This test proved
to be highly sensitive in subtle conduction defects. Defects showed up by a
desaturation from red to orange, yellow or white; the green object looked
pale blue or white. Thanks to the circular movement, peripheral hue shifts
and local adaptation bias were avoided.

Supra-threshold moving stimuli have also been used in the perimeter (17).
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In early chiasmal lesions, this technique was more sensitive than static or
kinetic threshold perimetry. Coloured stimuli were superior to white, and
among hues, red gave most positive results. Confrontation testing with supra-
threshold pigment tests were frequently falsely negative. Another supra-
threshold saturation test comprises simultaneous presentation of two ident-
ical coloured objects in the Goldmann perimeter (23). The stimuli were
produced by the addition of prisms to the original projection system.

CONCLUSIONS

In this paper we have seen that colour vision deteriorates with increasing
eccentricity in the visual field: hue-identification grows worse, wavelength
discrimination thresholds rise, and the whole gamut of colours shrinks. Chro-
matic thresholds rise in an irregular manner depending on the test conditions.
Spectral sensitivity is locus-specific and changes with retinal adaptation and
recording procedure. Reasons for these findings are evident in the basic
physiology.

We can easily see that strict demands must be made on experimental
conditions if clinical tests of peripheral colour vision should express any-
thing but the peculiar behaviour of the normal eye. In threshold studies,
background luminance and colour, and test object intensity, chromaticity,
size, and duration must be carefully controlled. It is better to use mono-
chromatic stimuli, because their spectral distribution is not influenced by
changes in the ocular media. Also, for the assessment of spectral sensitivity
curves and of Stiles-Wald mechanisms, the object intensities have to be known
in radiances.

It is evident that colour perimetry can be performed in a number of dif-
ferent ways. All comprise the use of colour stimuli, but these may be pre-
sented in dark adaptation, on white or coloured backgrounds of different
intensities, kinetic or static etc. Quantitative data or qualitative attributes
may be recorded. Foveal measurements are possible but colour perimetry
demands that also the extrafoveal visual field can be studied. This is self-
evident when the measurements are performed using a perimeter.

Many of the studies reviewed have proven that colour perimetry has given
unique information of definite clinical value. Disorders dominated by impair-
ment of rods or cones have been diagnosed with stimuli to which one or the
other of the two receptor classes is much more sensitive (37, 68). Dysfunc-
tion of isolated cone mechanisms has been shown with two-colour methods
and in records of the spectral sensitivity where chromatic mechanisms are
dominating. The works of a.o. Verriest and Hansen have demonstrated the
character and extent of cone damage in a number of eye diseases. Of special
interest are the facts that peripheral abnormality can be evidenced in so-called
macular disorders and that colour perimetry often is more sensitive than
ordinary clinical tests of the foveal visual capacity.

In the recent studies by Marré ez al. (57) and Friedmann (26), colour per-
imetry proved especially valuable. Glaucomatous visual field defects were
only revealed by colour perimetry or were more extensive than with white
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objects. Importance is evident, since we know that white light perimetry is
abnormal first when a large number of nerve fibers are damaged.

The special characteristics of the colour-opponent cells make them poss-
ibly more easily damaged in conduction defects or retinal disorders. A pure
colour-opponent damage may show up by a smoothing out of the spectral
sensitivity curve. For the fovea, this alteration has been shown in a few
subjects (42, 46, 111). Also the contrary may be seen, i.e., an increased cone
mechanism interaction (71, 93). It remains to be proven, however, that these
abnormalities are of significance in the extrafoveal visual field.

Another manifestation of colour-opponent damage is impaired wavelength
discrimination and desaturation. Wavelength discrimination is difficult to
measure, especially in the periphery, and thus so far outside clinical interest.
Threshold and supra-threshold saturation studies can, however, be performed
with reasonable demands on the observer, as shown by Dannheim (16),
Frisén (27) and Verduyn-Lunel & Crone (81, 82). With supra-threshold satu-
ration tests, information of great clinical importance have been obtained.

With colour perimetry, it may be easier to disclose abnormal spectral sensi-
tivity than using other tests. Foveal spectral sensitivity measurements are not
possible with routine instruments; the reduced sensitivity may be easily re-
vealed by a contracted colour isopter, however.

In several studies, colour perimetry has shown discrepancies from nor-
mality in eye disorders with other evident clinical characteristics. The clinical
interest of colour perimetry is naturally restricted in, e.g., cases of retinitis
pigmentosa with the eyeground moitled with pigmentations. Scientifically
it may be of interest, however, to characterize and map the extent of the
defect in these cases.

In some studies showing abnormal colour perimetry, superiority over other
tests has not been proven. Further research may show this to be the case,
however.

In summary, colour perimetry demands careful consideration of the test
conditions in order to be meaningful. Calibrated apparatuses with speci-
fications superior to those today available for clinical studies are necessary
(see Appendix). When performed adequately, the method has already pro-
vided information of high interest. Therefore, clinical colour perimetry is
useful.

APPENDIX

As chairman of the IPS research group on colour perimetry, G. Verriest has
presented a report on the results of a questionary concerning the technical
demands on colour perimeters. The following is the conclusion of that report:
In view of the further development of research in increment threshold
colour perimetry and in view of its clinical application, it is desired that com-
mercially available perimeters could be adapted and/or completed as follows:

1. The actual incandescence lamp could be replaced by alight source of higher
intensity, as a halogen lamp, with control of its voltage and intensity; it
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should be beneficial (but not necessary) that its correlated colour tempera-
ture should be higher than that of the CIE standard illuminant A.

. The white background luminance could be augmented gradually or in steps

to log;ocd. m™ = 1.5, this is to 31.62cd. m™? (=99.34asb) in the full
bowl extent.

. A moveable fixation mark and a supplementary restricted fixed back-

ground field of at least 11° extent should be available; the maximal un-
filtered luminance of this supplementary restricted background should
reach gradually or in steps to 2000 cd. m™2 (= 6282 asb).

. The white object luminance could be augmented in the usual 1dB (= 0.1

log;o un.) steps to logyg cd. m™2 = 3.5, this is to 3162 cd.m™2 (= 9934 asb)
or, still better and if possible, to 10000 cd. m™2 (= 31416 asb) or more, the
range of attenuation by neutral density filters being extended, in view of
perimetry with white lights, in proportion to the extension of the range
between the background and target maximal Juminance.

. The object light could be filtered by narrow band (half height width

<20nm) interference filters (when necessary combined with blocking
filters), and of which the spectral transmittance curves peak either all
20nm from 420 to 660 nm, or (when the number of filters is limited to
9) at 440, 470, 500, 525, 555, 570, 585, 600 and 640 nm.

. The supplementary restricted background light could be filtered by broad

band filters either to the same dominant wavelengths as that used for the
object, or to yellow, blue, and purple lights (as specified in the answer in
question 16 of the questionary).

. The selective filters could be easily removed and replaced.
. The constructor has to measure and to supply all relevant data concerning

the intensity and spectral distribution of the light source, the spectral
reflectance of the bowl, the spectral transmittance of all filters, the maxi-
mal radiances of all (nearly) monochromatic lights; the constructor has
also to deliver a calibrated luxmeter and a standard light source in order
that the user could check (but not measure) the luminances and radiances.

. It is stressed that these recommendations do not include the least idea of

setting standards for white or colour perimetry.
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HIROSHI KITAHARA, KENJI KITAHARA, JUNJI IRIE,
AKITO SHIRAKAWA & HIROSHI MATSUZAKI

(Tokyo, Japan/Ann Arbor, MI, U.S.A.)

ABSTRACT

The field sensitivity of Stiles’ long wavelength sensitive mechanism = () was measured
at the fovea and at 10° and 20° extrafoveally using a Maxwellian view optical system.

The fact that the field displacement law proved to hold good extrafoveally even for
test durations of 200 msec suggests a difference in temporal integration property be-
tween the fovea and other regions.

Compared with the foveal measurements, the extrafoveal field sensitivity action
spectra of m, (,;) were higher in the short wavelength regions and lower on the long wave-
length side with a tendency for the curve to fall off with a somewhat steeper slope.

INTRODUCTION

In order to make clinical use of color perimetry and to investigate the pro-
cessing of color information in ocular disease, it is first necessary to obtain
accurate knowledge of the color mechanisms measured at various retinal
eccentricities in the normal eye.

Wooten and Wald (7) have shown that three color mechanisms can be
separated even at a retinal eccentricity of 80° by the selective adaptation
technique. In earlier studies, we have also successfully separated three color
mechanisms at retinal eccentricities of up to 20° [Kitahara (1); Kitahara,
Kitahara and Matsuzaki (2)]. The exact shape of the action spectra seemed
to depend on the intensity and spectral characteristics of the background, a
fact which we attributed to the difficulties involved in obtaining high inten-
sity fields.

In the present experiments, an attempt was made to measure the field
sensitivity of Stiles’ long-wavelength sensitive mechanism at the fovea and at
10° and 20° of visual angle eccentric to the fovea. These detailed measure-
ments were made to lay the groundwork for theoretically sound color peri-
metry.

METHOD

The apparatus used in this study was a Maxwellian view optical system with
3 channels. The light source was a 500 W Xenon arc lamp. The test flash was
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round and it subtended 1° of visual angle. It was presented for 200 msec at
the center of a continuously illuminated, round background field with a
visual angle of 35°. A red fixation target was introduced in the visual field
from an accessory system. For extrafoveal measurements, the observer was
instructed to fixate this red target Wthh was placed at angles of 10° or 20°
on the visual field meridian of 225°. The biting board was adjusted so as to
allow the test flash and the main field light to pass through the center of the
pupil, when the eye fixed each eccentric position in turn.

Two male observers with normal color vision were used in this study. Prior
to the experiment tropicamide was administered topically to the right eye of
each observer to produce maximal mydriasis with a pupil diameter of approxi-
mately 8 mm. The observer was dark-adapted for 30 min at the beginning of
each session and was adapted to each background light for 3 min before
threshold measurement began. Detection threshold for the test flash was
measured five times for each background condition by the method of adjust-
ment. The subject adjusted the position of the N.D. wedge in the test beam
until the test was just detectable. The measurements were calibrated with a
Sanso Manufacturing Co. radiometer at each experiment.

RESULTS
The threshold versus intensity (t.v.i.) curve

A study was made on the threshold versus intensity (t.v.i.) curve at different
positions on the retina using a short (430nm), middle (530nm) and long
wavelength (650 nm) background in the main field, while the test color light
had a wavelength of 650nm. Fig. 1 shows the t.vi. curves at the fovea. The
solid line indicates the standard increment threshold function of Stiles (6).
The curves were prepared from the data for observers HK. and J.I. All the
data and the curve for observer J.I. are transposed vertically by 3 log units.
While the curves of both observers for A = u = 650nm (©) well fitted Stiles’
template curve, curves for u = 430nm (2) and 530 nm (e) failed to conform
to the field displacement law as the background light became intense, and
thus the presence of another branch or 7s-mechanism had to be taken into
account.

Figs. 2 and 3 show the t.v.i. curves at 10° and 20° temporal locations.
Apparentily, the curve consists of two branches i.e., the lower branch corre-
sponding to rod or mo(yand the upper one corresponding to the long wave-
length sensitive mechanism or 7s¢,. The solid line represents the Stiles’
template curve.

Field sensitivity action spectrum of sy

Field sensitivity action spectra of w5, at the fovea of observers H.K. and J.L
are shown in Fig. 4. Measurement was made of the t.v.i. curve for each back-
ground with the test light () fixed at 650nm and the main field (i) varying
from 400nm to 700nm to determine field sensitivity according to Stiles’
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Fig. 1. The foveal threshold versus mtensity (t.v.i.) curves of the two observers. The solid line indicates Stiles’ standard increment threshold function.
All the data and curve for J.L. have been slid up 3 log units. The test flash was fixed at 650 nm. The triangles show the means of 5 repetitions when the
background was 430 nm, the filled circles show the mean when the background was 530 nm and the open circles show the means for the 650 nm back-
ground.

Fig. 2. The t.v.i. curves at 10° temporal retina. Symbols as 1n Fig. 1. The solid line indicates Stiles’ standard increment threshold function. The curve
consists of two branches i.e., the lower branch corresponding to T (uy and the upper one corresponding to = (wy- The upper branches had no com-
ponent corresponding to «'; operating at high level of brightness even 1n the middle and short wavelength spectral range of background lights.

Fig. 3. The t.v.i. curves at 20° temporal retina. The curve consists of two branches as 1n Fig. 2.
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Fig. 4. The foveal field sensitivity action spectra of m; for observers H.K. (below) and J.L (above). The data and curve for observer J.1. are slid up 3
log units. The pattern obtaimed closely resembled Stiles’ (u) (broken line), slid up about 0.1 log unit for H.K. and about 0.2 log unit for I.L

Fig. 5. The field sensitivity action spectra for 7, at 10° temporal retina. The field sensitivity of the upper branch was determined by the auxiliary field
method with a wavelength of 430 nm. The brightness of the auxiliary field was set so as the m; mechanism determined threshold. The pattern has a
relatively wide peak in long wavelength range, as the g,y at the fovea.

Fig. 6. The field sensitivity action spectra of m, at 20° temporal retina. Much the same tendency is observed as at a 10° temporal retina. In each
experiment the auxiliary field of 430 nm was added as in the experiment at 10° temporal retina.



numbers. The pattern obtained closely
resembled Stiles” 75y, 1nd1cated b the dotted line, having a relatively ex-
tended peak ranging from 520nm to 580nm. The field sensitivity of the ob-
server J.I. was clearly higher in the long wavelength ranges than that of Stiles’
curve.

The field sensitivity of the upper branch at the extrafoveal retina was

determined by the auxiliary field method of Stiles (4) with an auxiliary field

wavelenoth of 430 nm. The licht intensity of the auxiliarv field wag set so
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that test threshold was always on ms rather than on m,. Field sensitivity
curves are shown in Figs. 5 and 6 for 10° and 20° temporal retina of ob-
servers HXK. and J.I. The action spectrum has a relatively wide peak in long
wavelength range, just like 75, at the fovea. On its long wavelength side,
the sensitivity was lower than at the fovea, giving a steep curve, whereas on
the short wavelength side, its sensitivity was rather higher than at the fovea,
giving a slowly declining curve. The broken line indicates Stiles’ 75-mechan-
ism, the peak value of which has been arranged to the same height as ours.

DISCUSSION
t.v.i. curve

The t.v.i. curve at the central fovea, when both the test and the background
light had the same wavelength of 650nm (A = u = 650 nm) were well fit by
the template curve of Stiles. When the background field had a middle to long
wavelength, by contrast, the t.v.i. curve was shallow, keeping the field dis-
placement law from holding good. In subject J.I., in particular, the segment
of the curve starting at about 0.5 log unit from the absolute threshold sug-
gested the necessity of postulating the presence of another mechanism,
namely s (Fig. 1).

Conversely, the t.v.i. curves at extrafoveal retina comprised 2 distinct
branches: The field sensitivity action spectrum of the lower branch (not
shown) exhibited the characteristics of the rod or mo,,, while that of the
upper branch showed the pattern of the long wavelength sensitive mechanism
or ms¢,. Here the upper branch had no component corresponding to s
operating at high level of brightness. t.vi. curves measured on middle to short
wavelengths background are well fit by the Stiles’ template curve even up to
1.5 log units from the absolute threshold for m5(,,. Moreover, these curves
conform to the field displacement law. Pugh and Wandell (3) explained
ms mechanism by the two-pathway hypothesis. They argue that the t.v.i.
curve for the long wavelength sensitive mechanism conforms to the field dis-
placement law and the principle of field addilivity for a short (10msec) test
flash duration. The fact that in our present study the field displacement law
proved to hold good in the extrafoveal retina even for a duration of 200 msec
suggests a difference in temporal integration time between the central fovea
and other regions. The Fechner fractions of the 75 mechanism are as follows:

Subject Fovea 10° 20°
HK. 0.019 0.091 0.130
J1 0.032 0.109 0.676
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between the fovea and 10° and 20° temporal retina was examined. Especially
for wavelengths shorter than 500nm, the sensitivity was higher in the extra-
foveal retina than at the fovea. On the other hand, the sensitivity was lower
on the long wavelength side with a tendency for the curve to be steep. The
sensitivity difference in the short-wavelength end of the spectrum is probably
due to macular pigmentation. The logarithm of the ratio between the sensi-
tivities measured at the fovea and 10° in the temporal retina is shown as a
function of wavenumber in Fig. 7. A smooth curve representing the absorp-
tion spectrum of human macular pigment (6) is fit to these data. It would, of
course, be preferable to use the absorption spectrum of the macular pigment
of a Japanese eye measured by other methods, as the macular pigment of

“ Japanese people may differ from Caucasian macular pigment in density and
perhaps in other ways as well. Even after the absorption by macular pigment
is taken into account, the long-wavelength part of the 10° curve falls off
more steeply than the corresponding part of the foveal curve; this is shown
by the fact that in the long-wavelength end, the data in Fig. 7 fall below zero.
Differences in self-screening between the longer foveal cones and the shorter
extra-foveal cones may be partly responsible for this remaining discrepancy.
The logarithm of the ratio between the 10° and 20° field sensitivities is plotted
as a function of wavenumber in Fig. 8. The data shows some scatter, but there
is no systematic change in this ratio with field wavelength.

The difference in the clnno of the field conmhmhr acton qppcfrnm of s
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Fig. 7 The differences in log sensitivity at the fovea and at 10° temporal retina. The
smooth curve in the diagram represents the absorption spectrum of human macular pig-

ment by Wyszecki and Stiles (1967). A similar pattern was observed in H.K. particularly
in the short wavelength ranges.
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OF CHROMATIC PERIMETRY NORMS

R. LAKOWSKI & P. M. DUNN

(Vancouver, Canada)

ABSTRACT

A perimeter has been developed which represents a unique solution to requirements set
out by the L.P.S. Perimetric Standards (1978) Extensive modification of a Goldmann
perimeter has made possible high-luminance chromatic perimetry under fully-photopic
and -scotopic conditions. An electronically-controlled shutter mechanism permits precise
control of interstimulus interval (0.5 to 6.5 sec) and stimulus duration (50 to 1000 msec).
The use of Xenon-arc lamps for projection of stimuli and background provides high lumi-
nance chromatic stimuli and a high-luminance background approximating Illuminant ‘C’.
This instrument has been used to establish static chromatic perimetry norms under fully-
photopic (250 cd.m™?) and -scotopic conditions. Achromatic thresholds are shown for a
17-year-old emmetropic, normal trichromat for 6 8’ stimuli of Ap =474, 535, and
617 nm, as well as an achromatic stimulus.

INTRODUCTION

The recent upsurge of interest in perimetric research has brought to attention
the need for a set of standards to be applied to all research in this field. Ac-
cordingly the International Perimetric Society (I.P.S.) has published ‘Peri-
metric Standards’ (2). These standards specify certain requirements for a
modern perimeter which are met by the modified Goldmann perimeter in use
in the Visual Laboratory in the Department of Psychology, University of
British Columbia.

Of specific interest was the development of a chromatic perimeter capable
of functioning over a wide range of adaptation luminances. Although the past
15 years has seen a dramatic increase in the number and scope of chromatic
perimetric studies, the majority of these studies have been carried out under
mesopic adaptation conditions (usually 10cd.m™) (6, 7), though some fully-
scotopic results have been reported (5, 8). The modifications to the Goldmann
Projection Perimeter reported here and in earlier papers (3, 4) have been di-
rected at overcoming the technical and methodological difficulties associated
with extremes of adaptation luminance. In addition, precise control of the
temporal aspects of stimulus presentation has been implemented. As a result,
the modified instrument is capable of exploring the visual field under extreme
adaptation conditions, using stimuli which are precisely specified in terms of
temporal as well as chromatic and spatial characteristics.
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PRESENT MODIFICATIONS

To allow assessment of perimetric thresholds under fully-photopic conditions,
higher luminance was required for both the stimulus and background sources.

Target luminance. To achieve the high target luminance required a Leitz XBO
75W Xenon-arc lamp was installed for stimulus projection. The 75-watt lamp
has a smaller, brigher arc than the 150-watt, yielding approximately a 3-fold
increase in luminance at the bowl surface. The light-path of the stimulus light
was shortened by 30% and the components made more rigid. The result of
these modifications to the projection system is a stable, uniform light stimulus
of approximately 8000 cd.m 2, measured at the adaption bowl surface.

This increase in luminance necessitated the addition of two neutral-density
filters in the stimulus light-path. Thus with the neutral filters built into the
instrument, the two neutral filter caps supplied with the instrument, and the
two additional filters, stimulus luminance is variable in 0.1 log-unit steps over
a range of ten log-units.

Background luminance. Here the increase in luminance was achieved through
the use of the Leitz XBO 150W Xenon-arc lamp, where the luminous output
is directed via a front-surface mirror to the top of the adaptation bowl whence
it is diffused throughout the bowl according to the Ulbrich sphere principle.
In addition the adaptation bowl was painted with Kodak Eastman White
Reflectance Paint, which yielded 98% reflectance across the visible spectrum.
These modifications resulted in a maximum adaptation luminance of
300cd.m™, well above that required for saturation of the rod mechanism
(Aguilar & Stiles, 1954) and thus fully-photopic adaptation. In addition the
background and stimulus sources have the same spectral energy distribution,
thus eliminating simultaneous contrast effects with the use of the achromatic
stimulus. The xenon-arc lamps have a spectral distribution approximating
C.LLE. Muminant ‘C’, thus yielding high energy across the entire visible
spectrum.

Temporal aspects. The manual interrupter-system was replaced by electroni-
callycontrolled 5-blade shutter mechanism with a feedback switch, mounted
close to the focal point of the light source with resulting fast edge movement.
The shutter speed is continuously variable from 50 to 1000 msec, and the
inter-stimulus interval is variable from 0.5 to 6.5sec. As a result, stimulus
duration and interstimulus interval can be precisely specified.

Finally complete photometric specification of all stimuli and the adap-
tation background have been done and can be routinely monitored. The
Spectra Pritchard Photometer (Model 1980A-PL) using a narrow angle of
acceptance (6") has a response curve closely approximating V(A), and gives
measurements in metric luminance units at the adaptation bowl surface.
Furthermore, this instrument is capable of making scotopic and pulse
measurements. Radiometric measurements were made at the bowl’s surface
by means of the Gamma Scientific Telespectro-radiometer (Model 2000-F).
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The flexibility of this instrument is illustrated by the following sample results
which were obtained from one emmetropic normal trichromat, whose colour
vision was assessed with a Pickford-Nicolson Anomaloscope. Subject and
stimulus and adaptation specifications are given in Table 1. A modified
ascending method of limits was used to obtain achromatic thresholds, where-
in stimulus luminance was increased in 0.1 log-unit steps from sub-threshold
until a threshold response was elicited, whereupon the luminance was de-
creased to a subthreshold level and again increased. A threshold was generally
determined by two or three consistent responses at the same luminance level.

Fig. 1 presents the fully-photopic, mesopic, and fully-scotopic threshold
gradients obtained. The mesopic (L = 10cd.m™) results were obtained before
the most recent modifications were completed, using the manual stimulus
presentation method available in the original instrument; for these results the
stimulus duration and interstimulus interval could only be estimated at one-
half and one second respectively.

Several important trends are apparent in this data. Excluding the fovea,
the differences among the gradients for the three chromatic and the achro-
matic stimuli increase as adaptation luminance is decreased. The separation
among the gradients found with L =0 reflects the Purkinje shift, the red
stimulus yielding a gradient from 1 and 1/2 to 2 log-units below the others.
At L=10cd.m? the gradients still show a separation among the colours,
but when the background is increased to 250 cd.m? the gradients are all very
close together (excluding the fovea).

Table 1. Stimulus, adaptation, and subject specifications

Stimulus Duration = 150 msec*
Interstimulus interval = 1.00sec*
Angle subtended ateye = 6.8'**
Chromaticities: achromatic (Tc = 6000K)
blue Ap 475 nm.
green Ap 532 nm.
red Ap 630nm.
Chromatic stimuli photometrically equated at the fovea.

Background Colour temperature = 6000K
Luminance: 0 cd.m™?
10cd.m™
250 cd.m™
Subject One female: Age — 18 years

Colour vision ~ normal
Acuity —+050to13

Pre-adaptation 25 minutesfor L = Ocd.m™?
4 minutesfor L = 10cd m? and L = 250cd.m™

* These values apply only to the L = 0 and L = 250cd.m™® conditions; for
L =10cd.m? duration was approximately 0.5 sec, and interstimulus interval
was approximately 1 sec
** Goldmann size I, according to Verriest and Israel (1965)
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The foveal results were excluded in the foregoing discussion, because fix-
ation during foveal measurements cannot be monitored directly at present in
this instrument. Unless it can be objectively determined where the eye is
fixating when a measurement is taken, the threshold obtained cannot be veri-
fied as applying to the retinal position presumed. To circumvent this problem
the present instrument is being fitted with an infra-red fixation monitoring
device functioning under all adaptation levels.

In conclusion the Goldmann perimeter described here makes possible
chromatic perimetric investigations under a wide range of adaptation con-
ditions, with precise specification of relevant adaptation field and target
parameters and as such meets the recommended requirements suggested by
I.P.S.
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FULLY-PHOTOPIC AND -SCOTOPIC SPATIAL SUMMATIOR
IN CHROMATIC PERIMETRY

d

P. M. DUNN & R. LAKOWSKI

(Vancouver, Canada)

ABSTRACT

Chromatic static perimetry has in general been limited in the past to investigations
involving one stimulus size only (13, 17) or different sizes for different chromatic stimuli
(16) making the study of spatial summation impossible. In the present study a modified
Goldmann perimeter has been used to study spatial summation for chromatic stimuli
using Goldmann stimulus sizes I, II, III, and IV (6.8', 13.6’, 27.2' and 54.3"). Achromatic
thresholds have been obtained for 5 emmetropic normal trichromats for an achromatic
and three chromatic stimuli; results are presented here for stimuli of Ap =474 and
617 nm under fully-photopic (250 cd.m™?) and -scotopic conditions. The obtained results
are discussed with reference to the earlier work on summation for achromatic stimuli
by Fankhauser and Schmidt (6, 7), Sloan (15), and Gougnard (10).

INTRODUCTION

Studies of spatial summation in perimetry have previously utilized only achro-
matic stimuli (2—10, 14, 15). Furthermore, in most a mesopic (10cd.m?)
adaptation luminance was used, although Fankhauser and Schmidt (7) investi-
gated summation under a range of adaptation levels from 0.04 to 40 asb. This
study differs in two respects: chromatic stimuli are used, and they are pre-
sented under two levels of adaptation — fully-photopic (250 cd.m™?) and
fully-scotopic. Although we have used red, green, and blue photometrically-
equated stimuli as well as the traditional achromatic, for the sake of brevity
only the results for the blue and red are discussed here.

Perimetric data obtained on spatial summation has generally been presented
in three different ways: (1) a comparison of changes in sensitivity-gradient
slopes with changes in stimulus size (e.g. 6, 7); (2) the calculation of the sum-
mation exponent ‘K’, calculated at individual field locations in static peri-
metery [k =(log L; —log L,)/(log A, —log A;)], (10); and from equivalent
isopters in kinetic perimetry ® = (A;/A,)~, (8); or (3) the plotting of sum-
mation graphs in which log AL =—Klog A + constant (5, 14). While the
summation exponent ‘K’ can be calculated for both moving (kinetic peri-
metry) and stationary (static perimetry) stimuli, the direct comparison of
these statistics would seem inadvisable due to the variable influence of tem-
poral summation factors in the kinetic data, as well as the fact that there can
be no precise specification of the retinal area involved in response to a moving

Doc. Ophthal. Proc. Series, Vol 26, ed by E. L. Greve & G. Verriest 199
© 1981 Dr W Junk by Publishers, The Hague



target, which yields ‘successive lateral spatial summation’ (11, p. 79). In the
present study static presentation of stimuli was used, as this method allows
precise control of the temporal and spatial characteristics of the stimulus.

METHOD

The modified Goldmann perimeter described elsewhere in this volume (12)
was used to obtain static achromatic thresholds at 13 points on the horizontal
(0°—-180°) meridian for the dominant eye of five young (17—29 years), emme-
tropic (#1.25 to 1.33) normal trichromats. Two chromatic stimuli were used,
Ap =474 nm (blue) and Ap = 617nm (red), and they were equated photo-
metrically. Four Goldmann stimulus sizes were used, subtending 6.8 (size I},
13.6 (II), 27.2 (III), and 54.3 (IV) minutes of visual angle (subtenses after
Verriest and Israel, 15). All stimuli were presented for 150 msec with a mini-
mum of 1 second between presentations. A modified ascending method of
limits was used, wherein stimulus luminance was increased in 0.1 log unit
steps until the subject responded, whereupon the stimulus luminance was
decreased to a sub-threshold level and again increased. This was repeated until
the same threshold was obtained consistently. Fully-photopic testing was
achieved using a 250cd.m® background (6000K), a luminance well above
the threshold for rod saturation determined by Aguilar and Stiles (1). Fully-
scotopic testing was done by eliminating all light from the adaptation bowl
except the stimulus and fixation lights. A pre-adaptation period of 4 minutes
for the photopic and 25 minutes for the scotopic condition was used before
testing commenced.

RESULTS

All three forms of data presentation discussed in the Introduction are used to
illustrate the spatial summation characterizing the retina under the present
experimental conditions: gradient-slope changes, summation exponents (K),
and summation graphs (log AL plotted against log A). The summation graphs
have been plotted for the fovea and nasal eccentricities only; similar results
were obtained on the temporal meridian.

Fully-photopic adaptation. Here spatial summation for the two chromatic
stimuli increased with eccentricity. In Fig. 1 we see a flattening of the gradi-
ents with increasing stimulus size, and in Fig. 2 we see the tendency for K to
increase with eccentricity. In Fig. 3 the slope of the line defined by log AL
=k log A + constant, that is (—)K, increases with eccentricity. There was no
clear indication of a difference between the red and blue stimuli: in each case
summation increased with eccentricity, though this trend was more consistent
for the red.

The second major aspect of spatial summation found under fully-photopic
conditions was its tendency to increase with decreasing stimulus size. Our
results show this trend in the increasing difference between gradient slopes
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with decreasing stimulus size (Fig. 1), and in the values of K obtained with
the smaller sizes which are consistently higher (Fig. 2). That this effect is not
characteristic of the entire retina is suggested by Table 1, in which differences
in slopes for the 0°—5° (central-parafoveal) and 5°—40° (parafoveal—periph-
eral) gradient segments are shown. While there is little change in the 5°—40°
gradient slopes, the 0°—5° segments show slope differences which increase
with decreasing size. In the summation graphs (Fig. 3) the increase in sum-
mation with decreasing stimulus size is indicated by decreasing slope of the
graphs with increasing size. The fact that the 0° and 5° Nasal plots take the
form of curves of decreasing slope illustrates the inverse relationship between
stimulus size and summation at these locations. For the more extreme eccen-
tricities, the straight-line plots for sizes I to III indicate constant summation
for these sizes. From all three forms of data presentation there was again no
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Log AL {arbitrary units)

Fig. 3. Fully-photopic summation graphs for sizes I to IV. Calculated slopes for best-fit
lines are —0.73, —0.73, —0.73, —0.93 (blue) and —0.66, —0.75, —0.83, —0.83 (zed).
Graphs have been shifted on the ordinate for clarity; slopes given for 10, 15, 30, 40° only.

Table 1 Differences between photopic sensitivity gradient segments

Difference between gradient slopes

Gradient segment Sizes Blue Red
5°N -0° 1-2 0.032 0.052
2-3 0.024 0.012
3-4 0.016 0.020
1-4 0.072 0.084
0° - 5°T 1-2 0020 0.044
2-3 0.028 0.012
34 0.016 0.008
1-4 0.064 0.064
40°N — 5°N 1-2 0.002 0.001
2-3 0.006 0.004
34 0002 0.003
1-4 0.010 0.008
5°T — 40°T 1-2 0.003 0
2-3 0.003 0.016
34 0.001 —0.008
14 0.007 0.008

consistent difference between the red and blue stimulus with respect to this
finding: for each colour, spatial summation increased with decreasing stimulus
size in the central region only.

Fully-scotopic adaptation. The results obtained under scotopic conditions are
presented in Figs. 4 to 6. Spatial summation at all non-foveal points was found
to be greater under scotopic than photopic conditions. This is indicated by
the higher K values in Figures 5 and 6 as opposed to those in Figures 3 and 4.
In addition, spatial summation outside the fovea was not found to increase
with eccentricity, as was the case under photopic conditions. This is indicated
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by the lack of any consistent change of gradient slope with stimulus size (Fig.
4), and by the lack of a clear relationship between extra-foveal eccentricity
and either individual K values (Fig. 5) or average K values from the summation
graphs (Fig. 6). There is an indication in Figure 6 that for both the red and
blue stimuli the highest value of K and thus the greatest spatial summation
was at 15° nasal.
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The increase in spatial summation in the central field with decreasing
stimulus size which characterized the photopic results was not found under
scotopic conditions. This is indicated by the lack of a consistent change of
gradient slope with decreasing stimulus size (Fig. 4) and by the lack of any
apparent relationship between individual K values and the stimulus sizes being
compared (Fig. 5). The scotopic summation graphs (Fig. 6) illustrate the
invariance of spatial summation with stimulus size most clearly. For each
extra-foveal location except the 30° nasal position for the blue stimulus the
summation graph is a straight line, implying constant spatial summation
across the 4 sizes used. The irregularity in the results obtained at 30° nasal
for the blue stimulus is puzzling: Omission of the size III data-point would
yield a straightline plot of slope = —0.83, comparable to the other eccen-
tricities, but the perfect straight line of slope = —1.0 obtained from the size
I to III points argues against exclusion of the size III point.

The results concerning spatial summation as a function of stimulus colour
were to some extent contradictory: While there was no clear difference be-
tween the individual K values for the biue and red stimuli (Fig. 5), the average
K values obtained from the summation graphs (Fig. 6) indicate that extra-
foveally summation was greater for the red than the blue stimulus at all
points except the anomalous 30° nasal. If this difference represents a real
phenomenon, it is possible that the extreme variability in the individual K
values masked this finding in Fig. 5.

Variability in the value of K was found to be of considerable magnitude
under scotopic conditions, being greater than that under photopic conditions.
This is apparent both in Fig. 5 and in the standard deviations for the mean K
values, which ranged for the scotopic K’s from zero to an extreme of 1.98,
generally varying between 0.1 and 0.4. This variance in the value of K was
found to be greatest in the fovea, but to show no consistent relationship
with eccentricity.

DISCUSSION AND CONCLUSIONS

Our findings may be summarized as follows:

1. Under fully-photopic conditions, spatial summation for red and blue
stimuli was found to be similar to that for achromatic stimuli under
mesopic conditions: it increased with eccentricity, and decreased with
stimulus size in the central field.

2. Under fully-scotopic conditions spatial summation for red and blue stimuli
was not found to vary in a regular manner with either eccentricity or
stimulus size, and was in fact remarkably constant over the 4 stimulus sizes
used. In general fully-scotopic summation was higher than fully-photopic
summation.

3. Only under scotopic conditions was spatial summation found to differ for
the blue and red stimuli, being greater for the red. As these chromatic
stimuli were equated photometrically, the difference between them found
under scotopic conditions may reflect the fact that they were not equated
scotopically.
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4. Variance in the value of K was found to be considerable under scotopic
conditions in particular.

The variance in the scotopic K values was in many cases of sufficient magni-
tude to suggest that caution be used in interpreting the mean values. Because
of this high variability in the K values calculated at individual field positions
between pairs of stimulus sizes, the summation graphs may be a preferable
method of data presentation. In these graphs K is calculated from the slope
of a line joining several area-luminance points, and thus represents an average
value. Of course this method of calculating K can best be used when there is
constant summation over several stimulus sizes.

The fovea was excluded from the descriptions of the scotopic results be-
cause of the particular uncertainties in scotopic foveal measurements resulting
from methodological limitations. Because the foveal threshold cannot be
measured by the same method as are the eccentric thresholds, there must
always be uncertainty as to its comparability to non-foveal measurements.
Under scotopic conditions, this problem is compounded by the lack of ad-
equate monitoring of fixation and by the nature of the central retina’s scoto-
pic sensitivity gradient, which for all but some long-wavelength stimuli has a
very steep slope down to the fovea.

The higher spatial summation found under scotopic as compared to photo-
pic conditions is in concert with Fankhauser and Schmidt’s (7) findings that
over the range 40 to 0.04 asb spatial summation increased as the adaptation
level decreased; our results represent the two extreme conditions of adaptation.
The agreement of our fully-photopic, chromatic results with those obtained
with achromatic stimuli under mesopic conditions (6, 10, 14) may seem
surprising, especially as no differences were evident between the colours.
However, the red and blue stimuli had been equated photometrically, and so
were specifically chosen to have the same luminous effect on the visual
system.

Little attention has been drawn to the actual magnitude of the K values
obtained, in relation to the original 0.84 of Goldmann (8.9) or the values
found by others. Because of the wide variations in individual K’s calculated
for specific field locations and the multiple factors which vary from one
experiment to another and which may well influence this measure, it seems
advisable to restrict our attention to differences in the value of K under
equivalent experimental conditions rather than to seek significance in its
absolute value.
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A COMPARISON BETWEEN WHITE LIGHT AND BLUE LIGHT
ON ABOUT 70 EYES OF PATIENTS WITHEARLY GLAUCOMA
USING THE MARK II VISUAL FIELD ANALYSER

C. GENIO & A. I. FRIEDMANN

(London, Great Britain)

INTRODUCTION

In doing perimetry, we aim for the earliest and most effective detection of
visual field defects (9); with the introduction of new and standardized instru-
ments, accuracy in the detection of visual field defects has increased.

The presence of early visual field defects in suspected cases may, in glau-
coma, indicate the start of medical therapy. This is one of the reasons for the
increasing number of papers done on the early perimetric defects of open
angle glaucoma in recent years (1, 3, 9). Observations of patients at risk who
developed visual field defects in a previously normal field confirmed old
concepts about the mode of development of field defects in glaucoma (8, 10,
13). All of these works were done with white light. In glaucoma, few attempts
have been made to carry out perimetry with colours. There have been numer-
ous researches on colour vision disturbances in ocular hypertensive and glau-
comatous patients, implicating the importance of colour vision tests in pre-
dicting the high risk patients (4, 5, 11).

In this paper, we aim to show that, where routine perimetric examinations
with white light are inadequate, colour perimetry using blue light offers
excellent means of obtaining early and detailed information concerning
defects in the visual field in glaucoma cases.

MATERIALS AND METHODS

Seventy eyes of glaucoma and suspected glaucoma patients were included in
this study, using the following criteria for admission:

Open angle.

Visual acuity adequate for fixation.

Definite or suspicious glaucomatous disc changes (but see below).

Raised intra ocular pressures on a number of occasions.

Absence of other pathology unrelated to glaucoma that could complicate
the visual field.

Good witnesses.

[«)

All perimetric examinations were done with Friedmann’s Visual Field Ana-
lyser Mark II with incandescent white background of 10.76 lux luminance.

Doc. Ophthal. Proc. Series, Vol. 26, ed. by E. L. Greve & G. Verriest 207
© 1981 Dr W. Junk by Publishers, The Hague



Table 1. Clinical profile of 70 eyes included in study.

No. of years No of times IOP

Name follow-up YA Disc >21 <21 IOP on exam Pupil size Treatment White Blue

1.18 9 6/6 L Deep cup 11 30 18 Miosed Pilo 4% - +
GC 308 Epinal 1%

2 88 13 6/4 L (+) tissue loss 21 27 38 Normal - - EY
66 4334

3 FD 1 6/6 R ? cupped 3 4 25 Miosed Pilo 2% - +
78 1109 6/12L ? cupped 3 4 22 Miosed Epinal 1% - t

4.EG 2 6/9L Normal 4 2 22 Miosed Pilo 2% + ++
GC 620 6/6 R Normal 0 6 21 miosed Pilo 2% - 3

5. FG 3 6/9R Normal 6 5 30 Normal Timoptol - S
GC 567

6. WW 2 6/6 L (+) cupping 6 6 17 Miosed Pilo 2% + ++
GC 644 6/6 R (+) cupping 6 6 16 Miosed Pilo 2% b *

7 AA 1 6/5R Normal 3 1 16 Normal - - £
79 2269 6/SL (+) tissue loss 3 1 29 Normal - - -

8. ES 6 6/9R Slight cupping 1 24 12 Miosed Pilo 2% - +
GC 401 Epinal 1%

9. DE 4 6/4 R (+) tissue loss 1 14 21 Miosed Pilo 2% - E
GC 530
10 IF 2 6/5 R ? normal 8 8 15 Miosed Pilo 2% - t
77 38

11. FL 2 6/9 R (+) cupping 4 9 15 Miosed Pilo 2% - *
GC 593 Epinal

12 RE 5 6/SR (+) tissue loss 25 6 25 Miosed Pilo 4% + ++
74 3572 6/5L normal 21 10 29 Miosed Pilo 4% E ++
13. RL 2 6/4 R (+) tissue loss 12 2 22 Normal Timoptol 3 ++
GCé614

14.JL 12 6/12 R early cupping 2 33 23 Miosed Pilo 2% + ++
GC 189

15 AD 9/12 6/4 R (+) tissue loss 4 2 28 Normal - E ++
64 193 6/4L (+) tissue loss 4 2 24 Normal - E ++
16.CB 14 6/5 R (+) cupping 13 30 26 Miosed Pilo 4% E ++
GC135 Simplene

17. EM 1 6/6 L (+) nasal cupping 0 6 12 Miosed Ocusert + ++
GC 688

18. FC 4 6/18 R cupped 0 17 12 Miosed Pilo 4% + ++
GC 535 Epinal

19.JH 112 6/4 L {+) tissue loss 2 0 32 Normal - * ++
MO
20 MS 1 6/12R  Early cupping 3 5 18 Miosed Pilo 4% E3 ++
79 1797

21.JD 3 6/181 cupping 9 2 26 Normal Timoptol 3 ++
GC 591
22.ED 2 6/6 R Early cupping 7 2 24 Normal Timoptol E3 ++
GC 681
23 WS 10/12 6/6 R (+) tissue loss 6 0 26 Miosed Pilo 4% E3 ++
79 565 6/6 L {+) tissue loss 0 6 18 Miosed Pilo 4% + 4
24 sw 6/12 6/9 R (+) cupping 3 1 26 Normal - * ++
791732
25. DP 10 6/9 R (+) temporal pallor [4] 19 16 Normal Surgery ++ +++
GC 288 6/12 1 Normal 0 19 18 Normal Surgery E3 ++
26. WF 3 6/18 L Normal 4] 13 16 Miosed Pilo 4% E ++
GC 552 Ganda
27.1G 6 6/5R {+) cupping 0 22 18 Miosed Pilo 4% + ++
GC 457
28. MM 5 6/5R (+) tissue loss 0 11 12 Miosed Pilo 4% ] ++
GC 456
29. SH 5 6/18 L Suspicious 6 15 30 Miosed Pilo 4% t ++
GC412
30 ES 1 6/6 L Normal 2 2 25 Miosed Pilo 4% S ++
79 2161
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Table 1 (continued)

No. of years No of times IOP
Name follow-up VA Disc >21 <21 10P on exam Pupil size Treatment White Blue
31.PM 5 6/6 R ? Cupping 4 3 16 Miosed Pilo 4% ++ +++
GC 425 6/SL ? Cupping 2 5 18 Miosed Pilo 4% + ++
32 DG 3/12 6/9 R Normal 2 2 23 Miosed Pilo 4% E3 ++
79 2144 6/9L Cupping 4 0 24 Miosed pilo 4% ++ +++
33 FJ 1 6/5R Normal 8 2 22 Miosed Pilo 4% E3 ++
781764
34 CJ 3/12 6/7R Cupping 2 3 18 Normal Ismelin ++ +4++
79 1625
35. HT 11 6/SR  (+) Cupping 6 42 14 Normal Surgery t+ s
GC416
36 EA 20 6/SL (+) Cupping 9 29 21 Miosed Pilo 4% ++ +4++
59 2687
37.PW 3 6/5L Normal 3 9 21 Miosed Pilo 4% ++ +4+
GC 576 Epinal
38.PB 3 6/9R Cupped 4 13 12 Normal Timoptol ++ +++
GC 564
39.JE 2 6/9R Early cupping 7 6 26 Miosed Pilo 4% ++ ++4
GC610 Epinal
40, PW 1 6/4L Cupped 1 3 18 Miosed Pilo 4% ++ +++
GC 698 Epinal
41.HR 2 6/12L 7 tissue loss 3 11 24 Miosed Pilo 4% ++ +++
GC 664 Diamox
42.FS 2 6/9L Cupped 4 12 21 Miosed Pilo 4% ++ ++4
GC 598 Epinal
43.1G 5 6/9L Cupped 8 16 16 Miosed Pilo 4% ++ +++
GC414 Epinal
44. DH 2 6/12R  (+) tissue loss 0 1 14 Normal Surgery ++ +4+4
GC634
45. FB 14 6/6 L (+) cupping 1 36 18 Miosed Pilo 4% ++ +4+4+
GC 109
46. MB 2 6/9L (+) tissue loss 2 8 16 Miosed Pilo 4% ++ +++
GC 687 Epinal
47.D$ 5 6/SR (+)cupping 2 13 12 Miosed pilo 2% 4+ e
GC440
48.3C 2 6/4 L (+) tissue loss 6 2 28 Normal - - +
GC 732
1
49 AE 1 6/4L {+) tissue loss 2 1 22 Normal - - S
79/763
50. EB 9 6/9L (+) cupping 4 13 26 Miased Pilo 2% 3 ++
GC421
51.IG 5 6/5R Cupped 4] 20 18 Miosed Pilo 2% * ++
GC 457
52.JM 5 6/5 R Normal 4] 11 12 Miosed Pilo 2% S ++
GC 456
53.HT 7 6/5L Not done 1 28 10 Miosed Pilo 4% ++ +4+
GC416 {+) cataract Timoptol 25%
54. SH H 6/18 L Media not clear for 9 16 32 Miosed Pilo 4% E ++
GC412 good evaluation Epinal 1%
55 ED 6 6/SL (+) cupping 5 4 23 Miosed Pilo 2% F3 ++
73/3369 Epinal 1%
56 MK 3 6/5L Normal 15 10 28 Miosed Pito 2% ] ++
7611136 Epinal 1%
57 RS 2 6/6 R (+) cupping 1 10 16 Normal - - E3
78/590 6/5L (+) cupping 1 10 18 Normal - - *
58 DP 1 6/24 L (+) tissue loss 4 1 28 Miosed Pilo 2% ++ ++
79/1513
Key: — = No defect
* = Suspicious defect
++ = Definite defect
+++ = Much denser defect
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For colour stimulus, a built in, deep blue Wratten filter No. 47B, transmitting
wavelengths below 490nm with 5,700 K was used. Perimetric examinations
were done first with white light, then followed with blue light. Working
thresholds were obtained separately for white and blue light, changing when
necessary the luminance of the stimulus in steps of 0.2 log units from the
given age densities, until the patient could see about half the total number of
stimuli presented.

After the field examination, IOP with applanation tonometry, and pupil-
lary size were checked, When possible, ophthalmoscopic examinations to
evaluate any disc change, were done. Previous records of disc changes were
noted.

Ten eyes (Table 1) with normal discs were included, but their respective
contralateral eyes were being treated for chronic simple glaucoma. They had
glaucomatous field defects and disc changes. Nine of these ten eyes had raised
IOP’s on several occasions. One patient (Case No. 25) had bilateral operations
for glaucoma before she entered this study, her IOP’s being controlled there-
after.

RESULTS

In the interpretation of the results, reductions of 0.6 log units or more from
working threshold were considered a definite defect, whereas reductions of
0.4 log units were suspicious unless the field defect was typical of glaucoma.
0.2 log units reductions from working threshold were ignored, but were con-
sidered probably significant if they occurred in a typical glaucoma pattern or
if they were found on repeated testing.

The patients fell into three groups of subjects (Table 2):

A. Group I (18 eyes — 25.7%) patients that showed normal field with white,
but with slight though definite defect with blue filter.

Table 2. Distribution of 70 eyes according to the classification given.

Classification No. of eyes Percentage

Group I 18 25.7
=) -

white normal ~ blue

(+) defect

Group II 32 45.71
+3 = (+4)

white suspicious — blue a more

definite defect

Group III 20 28.58
(++) = (++4)

white early definite defect — blue

a more characteristic and clearly

defined defect
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B. Group II (32 eyes — 45.7%) patients that showed suspicious defect with
white but with a more definite defect using blue filter.

C. Group HI (20 eyes — 28.5%) patients that showed early definite defects
with white, but with a more characteristic and clearly defined area of
defect using blue filter.

A case typical of each group will now be shown,

Group 1 Case

Name: WW Age: 68
Sex: M No. of Years Follow-up: 2 GC No : 644
RE LE
Visual acuity 6/9 6/6
Disc cupped cupped
Pupillary size normal normal
IOP after field examination 16 17
No of times IOP < 21 mm Hg 6 6
No of times IOP > 21 mm Hg 6 6
Case I

Fields (Fig. 1) points seen at 0.2 log units less were not marked to eliminate
confusion, unless they showed some pattern.

R.E. White: Showed at one point a defect which is close to the blind spot,
which is considered normal.

R.E.Blue: Showed a supero-temporal paracentral scotoma and an early
arcuate scotoma inferiorally, joining the blind spot with a reduc-
tion of 0.6 log units from working threshold.

Group IT Case
Name: EM Age: 57
Sex: F No of Years Follow-up: 1 GCNo : 688
RE LE
Visual acuity 6/4 6/4
Disc + tissue loss Nasal  cupping
Pupillary size miosed miosed
10P after field examination 12 12
No. of times IOP > 21 mm Hg 2 2

No of times IOP < 21 mm Hg 2 2

Fields (Fig. 2)
L.E. White: Showed a reduction of 0.4—0.8 log units which is suspicious,
especially in the nasal area, but does not show a definite field

defect characteristic of glaucoma.
LE.Blue: Showed a reduction of 0.4—1.0 log units showing a well defined
inferior paracentral scotoma, extending to the nasal field area.
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Group 111 Case

Name: FS Age: 67

Sex: M No. of Years Follow-up: 2 GC No.: 598
R.E. LE.

Visual acuity 6/12 6/4

Disc cupped cupped

Pupillary size miosed miosed

IOP after field examination 20 21

No. of times IOP > 21 mm Hg 12 3

No. of times [OP < 21 mm Hg 3 12

Fields (Fig. 3)

L.E. White: Showed 0.8—1.4 log units reduction, suggesting a supero-para-
central scotoma.
L.E. Blue: Showed in the same area a large dense arcuate scotoma.

DISCUSSION

Our results revealed that blue light compared to white light is more sensitive
in detecting early visual field defects in glaucoma. Furthermore, the defect
with blue light is larger and denser.

At the beginning of our study, we tried using red and green stimuli. With
red light our results were no better than with white light in glaucoma patients.
However, better results were shown with red light as compared with white
light in patients with neurological pathology. On the other hand, with green

Fig. 1. Fields white and blue for Group I case.
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Fig. 3. Fields white and blue for Group III case.

light our results were as good as, but no better than white in both cases. We
also tried using white light with dim background (to try and determine
whether there is rod involvement); results however were not better than white
with standard background illumination.

At this stage of our work we are unable to explam our results in terms of
visual physiology. The possibility exists that ‘blue receptors’ are more vulner-
able in glaucoma. Nevertheless, no pathological evidence exists at the moment
to prove this hypothesis.

For clinical purposes, the detection of Type I patients ((—) defect in white,
(+) in blue) and Type II patients ((*) in white, (+) in blue) using blue light is
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extremely helpful. Furthermore, it takes the same time to do the examination
as with white light on the Mark II Analyser.

Finally, the typical, early cases presented indicate that our visual field
studies were consistent with the clinical findings. These cases certainly prove
that examination of glaucoma patients with blue light is not a useless effort,
but may indeed provide an additional parameter in assessing our glaucoma
patients.
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AN ATTEMPT OF FLICKER PERIMETRY USING
COLOURED LIGHT IN SIMPLE GLAUCOMA

IWAO IINUMA

(Wakayama, Japan)

ABSTRACT

An improved Goldmann perimeter was used, setting a rotating sector for flicker in the
arm of the instrument, and a red or blue filter cap on the projector head. Each relative
luminance of the red, blue or white light was controlled to be almost the same (1.00)
and that of the background 0.0315 by the attached density filters and controllers.
Isopter ranges of the visual fields originated from the same frequency and brightness of
the flickering lights were usually the same in the same normal subjects and also in early
glaucomas of satisfactory state notwithstanding any colour. In the case of testing ad-
vanced glaucoma with optic atrophy with red light, the isopter ranges were more de-
pressed than the blue or white; however, in the case of testing early glaucomas of a pro-
gressive state with the blue, the results were sometimes more depressed than testing with
the red or white.

INTRODUCTION

Mizukawa et al. (7), Nakabayashi and Takatsuki (8) studied disorders of the
third visual neuron, including glaucoma, and reported that even if slight or no
defect in the visual fields of the patients is detected by the original kinetic
quantitative perimetry of Goldmann, more distinguishable defects are proven
by the flicker perimetry.

Improving Yokoi’s (12) and Yamasowa’s (11) methods of flicker per-
imetry and colour lights, the nature of the defects in the glaucomatous field
was studied in order to obtain more precise information in clinical situation.

METHODS AND MATERIALS

Thirty seven (27 female, 10 males) patients with a diagnosis of simple glau-
coma without congenital dyschromatopsia seen in our clinic during the year
1979 were studied. Their ages ranged from 36 to 83 (average 66.5+12.1)
years.

An improved Goldmann perimeter was used, setting a rotating sector as
one half for flickering light source in the arm of the instrument (7, 8), and a
red (dominant wavelength 626 nm; excitation purity 92%) or blue (485 nm;
64%) (Table 1) filter cap on the projector head. Each relative luminance of
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Table 1 Colorimetric specification of the used filters.

Filter C.LE. Dominant Excitation
wavelength purity
X y Y
Red 0.682 0.313 21.8% 626 nm 92%
Blue 0.207 0.290 9.3 485 64

Table 2 Combination of the density and colour filters for test objects.

Colour Filters Luminance™
objects

Colour Density
White 2 e 160.0 asb
Red red 4 b 1744
Blue blue 4 e 148.8
Background 5.0

* In case of perfect fusion, the luminance of test objects corresponds to one half.

the red, blue or white colour was controlled to be almost the same (1.00) and
that of the background was 0.0315 by the attached density filters and con-

trollers (Table 2).
Each patient was tested with the pseudo-isochromatic plates of Ishihara

and the kinetic quantitative perimetry of Goldmann. Following these, each
patient was tested with critical fusion frequency (C.F.F.) test with red, blue
or white light at the central fixation area and iso-frequency isopters from 10,
or 15 times per second stepwise by 5, as 20, 25, ... and so on, in the extra-
central fields.

RESULTS

Depression of the C.F.F. at the central area was found in 73% in this study of
glaucoma in comparison with normal subjects of the same age. Depression of
isopters by the C.F.F. was shown in Table 3, in which stages of simple glau-
coma were divided into 4 and phases of the colour C.F.F. into 3 groups:

Group I: Thirty eyes of 15 patients (40.5%) showed practically no difference
among isopters from the three kinds of test object colours. The glaucoma cases
in Group I were chiefly in early stage.

Group II: Thirty six eyes in 18 cases (48.7%) responded by showing the

greatest contraction of the red isopters. The majority cases were classified as
being in the advanced stage and with optic atrophy. Visual field defects in
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Eyes  Age C.F.F./Sec.*

Mean + S.D. Min. — Max. ( Mean £ S.D.)

W: 244
Glaucoma 74 66.5 =121 12 38 R: 239
B: 242

Control 30 68.7 + 6.7 28 -38 ( 315 £33)

* W, R, or B indicates respectively the white, red or blue test object. In case of the con-
tirol, no difference is found among thiee colour objects.

this group using the Goldmann perimetry were moderately less depressed
than by flicker perimetry, in comparison with Group I and III.

Group III: Eight eyes of 4 cases (2 females, 2 males) responded by showing
the smallest blue isopters. They were classified as early stage but with pro-
gressive tendency.

DISCUSSION

An attempt to study the nature of glaucomatous field defects by using C.F.F.
in colour (red, blue) or in white light of the same brightness and frequency
was made. By use of the C.F.F. procedure which is based on the sensation of
difference in brightness and its time, one may avoid the difficult judgement
of the threshold point of colour saturation.

In Group I, the distinction between one isopter and another was decided
by:

1. help provided by the probability of the next line, and

2. help provided by the standard deviation in the measurement.

In my experience there is about 3—10% standard deviation within about 30°
area of the visual field.

It has already been reported (4) that colour sense in glaucoma patients is
reduced in blue-yellow in early stage and in red-green in advanced cases. In
my study, Group III patients would fit into the former classification (early)
and Group II in the latter (advanced). The 4 patients of Group III had been
examined over the span of several years for ophthalmological problems other
than glaucoma and eventually developed glaucoma within the past 1 to 3
yeras. Clinically they have an early stage of simple glaucoma with progression
of the disease.

In comparison with normal healthy individuals, C.F.F. values in glaucoma-
tous eyes, at least except early stage, shows general depression at the central
area and at peripheral isopters, especially in the Bjerrum area. Consequently,
it is little wonder that both the red and blue sensations are more or less defec-
tive in glaucoma, even if the red may be super-depressed in optic atrophy in
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the advanced stage, presuming that the retina or choroid is the first to be
affected in the eye of simple glaucoma patients.

Formerly, it has been said that perimetry by the red test object is useful
for the early diagnosis of simple glaucoma according to Engelking (2), Suda et
al. (10) and others. The results of this study show that the C.F.F. perimetry
with blue objegt is also of value and is the procedure of choice as opinion of
Frangois et al. @) and others (1, 6,9).
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SUBCLASSIFICATIONS OF RETINITIS PIGMENTOSA
FROM TWO-COLOR SCOTOPIC STATIC PERIMETRY

ROBERT W. MASSOF & DANIEL FINKELSTEIN

(Baltimore, Maryland, U.S A.)

ABSTRACT

On the basis of evaluations of rod sensitivity relative to cone sensitivity determined from
perimetric dark-adapted absolute threshold measures to a short wavelength stimulus and
a long wavelength stimulus, we have identified two forms of dominant retinitis pigmen-
tosa (RP) and two forms of recessive and (or simplex) RP. Here we present examples of
early and advanced cases from recessive and simplex pedigrees that illustrate the two
forms of RP appear to represent different disease mechanisms, rather than different stages
of disease progression.

Primary retinitis pigmentosa (RP) is an inherited retinal dystrophy character-
ized by nightblindness, field loss, intra-retinal bone-spicule-like pigmentation
and other distinctive clinical signs. All the mendelian modes of inheritance are
represented; therefore RP classifications based on genetic history have been
exhausted. Evidence for subdivisions of the autosomal dominant and auto-
somal recessive RP groups has been adduced (1, 2). Here we present examples
of static absolute threshold profiles in recessive and simplex RP patients that
suggest that the previously described subgroupings represent different disease
mechanisms rather than representing different stages of RP progression.

METHODS

Patients. Through the course of our study, data have been collected on 217
typical RP patients (25% dominant, 27% recessive, 43% simplex, 5% X-
linked). To illustrate our arguments we present examples of data from 6 RP
patients representing 1 recessive and 3 simplex pedigrees. The clinical findings
are summarized in Table 1. Informed consent was obtained from each partici-
pant in the study.

Apparatus and procedures. The rationale and experimental methods are de-
tailed in an earlier report (2); we present them here in summary form. Follow-
ing 45min of dark adaptation, absolute thresholds were measured at the
fovea and at 2.5°, 5°, 10°, 15°, and from 20° through 80° in 10° steps along
the horizontal and vertical meridians, employing the Tiibinger perimeter.
Thresholds were measured for both blue-green (A, = 500nm) and red
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(Amax = 650 nm) stimuli, subtending a visual angle of 2°, flashed for a dur-
ation of 500msec. Absolute thresholds were defined as the mean of 3 to 5
repetitions of an ascending method of limits.

Of primary interest to the present study is the log of the ratio of the
threshold luminance for the red stimulus to the threshold luminance for the
blue-green stimulus. This ratio reflects dark-adapted spectral sensitivity. If
only cones are present, the log threshold ratio will be close to, or less than
zero; if rods mediate detection of both stimuli the log threshold ratio will be
close to 2. An intermediate value represents a combination of rod and cone
contributions to detection.

RESULTS

Fig. 1 illustrates static dark-adapted sensitivity profiles obtained along the
horizontal meridian for patients A.1, A.2, A.3 (see Table 1). The lower panel
of Fig. 1 illustrates data obtained with the short wavelength stimulus and the
middle panel illustrates data obtained with the long wavelength stimulus. The
top panel is a plot of sensitivity differences between the two stimuli, values
that reflect dark-adapted spectral sensitivity. It can be seen in the lower and
middle panels that there is an increasing loss of peripheral sensitivity with
increasing age of the patient. In the top panel, it can be seen that cone spectral
sensitivity values (= 0 log unit) are obtained all along the horizontal meridian,
despite the differences between patients in degree of RP progression. Even
though patient A.1 has normal fields, there is no evidence of rod function
throughout the retina.

Figs. 2 and 3 illustrate sensitivity profiles on patients B.1, C.1, and D.1.
For patient B.1 (Fig. 2) sensitivity losses are confined to a midperipheral ring
(lower and middle panels). Despite 2 log unit sensitivity losses in the midperi-
phery, rod spectral sensitivity determined difference values of 2 log units are
obtained (top panel) indicating concomitant rod and cone sensitivity losses.

Patients C.1 and D.1 (Fig. 3) have more advanced field loss than patient
B.1, whose fields were nearly normal. As seen in the lower and middle panels
of Fig. 3, sensitivities are nearly normal in the central 10° and in the far peri-
phery. There is a ring scotoma in the midperiphery. The difference values in
the top panel indicate rod spectral sensitivity, even at 10° temporal where
there is a 2 log unit sensitivity loss for patient D.1.

DISCUSSION

The two different types of sensitivity profiles described here for recessive
and simplex cases (i.e. one suggesting a diffuse loss of rod function, the other
suggesting regionalized losses of rod and cone function) are also seen in
dominant RP. The RP subtypes will be described in greater detail elsewhere.
Here, we illustrate from comparisons of early and advanced cases that one
type does not evolve into the other. Rather, they appear to represent differ-
ent disease processes. Fig. 4 illustrates histograms of nightblindness onset for
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Table 1. Summary of clinical findings

Onset age Mode of Visual Goldmann
Patient Sex Age nyctalopia inheritance acuity visual fields
Al M 9 4 Recessive 20/40 Normal V/5
20/30 35° 11/4
A2 F 12 Early Recessive 20/25 Normal V/5
Childhood 20/25 35° 11/4
A3 F 17 4 Recessive 20/30 Normal V/4
20/25 20° 11/4
B.1 F 13 No symptoms Simplex 20/20 Normal with superior field
20/40 defect V/4 and 11/4
C.1 M 37 No symptoms Simplex 20/30 Ring scotoma from 15° to 40°
20/40 for V/4 and 11/4 targets
D.1 F 46 44 Simplex 20/60 Ring scotoma from 15° to 50°
20/30 V/4 and 10° I1/4
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NUMBER OF PATIENTS

Group 1 2 1 2 1 2
Age(years) 0.9 10-15 16-60

{Age of Night-blindness Onset)

Fig. 4 Histograms representing the distributions of the age of nightblindness onset
reported by the patients The solid bars represent patients with threshold profiles similar
to those in Fig 1 (group 1) and the stippled bars represent patients with threshold pro-
files similar to those in Figs. 2 and 3 (group 2).

the two types of RP separated on the basis of sensitivity profiles. Those
patients characterized by a diffuse loss of rod sensitivity (group 1) report
nightblindness from infancy or childhood. Those patients characterized by a
regionalized and combined loss of rod and cone sensitivity (group 2) report
adulthood onset of nightblindness. We always see the same pattern within a
pedigree.
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A REPORT ON COLOUR NORMALS
ON THE FRIEDMANN MARK II ANALYSER
V.J. MARMION

(Bristol, Great Britain)

SUMMARY

The results indicate that the colour levels obtained from normal subjects with the Visual
Field Analyser are comparable with a known standard. The Visual Field Analyser offers
a simple scanning method for colour in the central twenty five degrees and in conjunc-
tion with the Visual Field Analyser Mark I offers a method for comparison of photopic
and scotopic colour vision.

INTRODUCTION

The clinical practice of colour perimetry requires the adaptation of a normal
perimeter with accepted colour filters within a specific range of blue, green
and red. Further, the perimeter should be adaptable to cover both the pho-
topic and scotopic levels of examination. Normal base line values of threshold
measurement provide a guideline for the assessment of pathological changes.
While the measurement is primarily of light appreciation and to a esser extent
of colour recognition, base line normals should be assessed in subjects with
no colour vision deficiency. As colour appreciation is mainly within the
central twenty five degrees, the visual field analyser Mark II should represent
a useful clinical tool. The visual field analyser will present a flash stimulus
on a neutral field at specific angles of incidence to the retina.

MATERIALS AND METHODS

The evaluation of colour normals was a three-phase process. Ten subjects
(eighteen eyes) were examined. All were subjects with normal acuity and no
demonstrable defect either on the D15 or Keely plates.

The first examination was performed on the Goldmann perimeter. Static
perimetry in the 180°—360° axis was undertaken in a standard fashion, usinga
one millimetre test object. The following colours were examined: white,
then green, red and blue in that order. Static profiles were obtained and
summated and the means are shown in Figure 1 and the means and standard
deviations in Table 1.

The second phase of the examination was with the visual field analyser,

Doc. Ophthal. Proc. Series, Vol. 26, ed. by E. L Greve & G Verriest 227
© 1981 Dr W. Junk bv Publishers, The Hague



Table 1. Examinations on the Goldmann perimeter.

25 20 15 10 5 [} 5 10 20 25
M SD M SD M SD M SD M SD M SD M SD M M SD M SD

w 27 20.2 20.1 11 13.3 4.86 9.8 2.81 7.2 2.2 0.5 7.5 2.04 11.8 2.9 21.4 6.4 23.0 5.7
G 129.4 81 86.6 39.3 53.0 19.7 41.5 20.1 28.8 11.3 11.4 33 28.9 7.3 49.1 13.0 1194 9.77 132.0 716
R 714.8 372 522.5 231 394.3 185 280.6 144 173.7 75.4 51.4 22.8 175 38.7 343 129 664 378 749 358
B 637.5 226 479 167 328 112 238 63 193 67.6 143.8 55.2 194.5 69.2 275.6 86.1 500.6 202 662 274
Asb 1 mm Test Target 31.6 Asb luminosity of sphere.

Table 2. Examinations on the Friedmann analyser.

25 20 15 10 S 0 S 10 20 25
M SD M SD M SD M SD M SD M M SD M SD M SD M SD

W 162 5.3 1le6.1 53 177 3.9 18.8 35 178 3.5 23.18 193 3.6 20 42 20 33 128 7.8

G 317 176 29.1 19 25.8 22 19.1 15 20.8 9.7 16.19 16.6 159 222 18.7 327 235 295 123

R 524 108 50.1 129 51.8 10.5 386 159 30.2 141 1195 302 147 423 143 599 6.6 422 142

B 452 239 356 26 399 109 258 248 182 194 6.86 139 214 332 324 690 18.7 36.0 213

Filter settings % of 0
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Mark II. This consisted of a routine scan with white, followed by green, red
and blue. Examinations were conducted in a brightly illuminated room with
a natural daylight fluorescent tube supplementing the normal background
illumination of the Friedmann Analyser. All filter settings were taken from
a supra-threshold level down to determine a threshold. The filter ratings for
white and each colour in the 180°—360° axis, using those mainly below the
horizontal meridian were then summated and transposed to provide a fraction
of the macular threshold. The results were specifically recorded from areas
which were close to 5, 10, 15, 20 and 25 degrees from fixation. The resuits
are presented in Figure 2 and the means and standard deviations in Table 2.
The third phase of the examination was on dark adaptation. Five subjects
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from the previous ten were examined, each eye individually on the Friedmann
Mark I analyser, using the same filters, coupled with a 3 ND filter. The eyes
were adapted to the standard natural daylight fluorescent light and then the
eye to be examined was adapted using a camera flash covered by an Iliford
109 filter. Dark adaptation was then conducted in the standard manner, first
to white and then repeated for each colour. Specifically the first five minutes,
(cone adaptation), were examined and the results presented (Figure 3).

The results show a similar pattern of response in both methods of exam-
ination. In the relative levels of response to each colour the scatter is greater
further away from fixation with each method and the relative levels of mean
values are proportional. The results also show the reversal of the level of
response to red and blue in the scotopic illumination.

DISCUSSION

Colour perimetry is a time consuming procedure. Its value in clinical diag-
nosis is well established (1). For comparability with other methods of exam-
ination the visual field analyser Mark II should provide in normals a compar-
able range of color threshold and meet some of the requirements as set out by
Stiles (2). While an instrument should reveal a range and variation of a normal
physiological parameter it is important to clarify that this is a subjective re-
sponse and not an instrumental variation. It is in this context that a com-
parison with a known method is important. The different method of presen-
tation of the stimulus and the different nature of the background, does not
exclude a normal response. The results of the macular threshold with the
Friedmann analyser suggest that there is a consistency with a previous exper-
imental work of Wald (3). Any reduction of the scatter (standard deviation),
would suggest a better form of examination.

The Friedmann analyser might offer the prospect of uncovering the pres-
ence of various cone clusters. Examination of the full field suggests that there
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are certain areas which have low threshold for colours in photopic conditions.

This could be a modifying factor in the evaluation of various bitemporal field
defects.

An interesting prospect arises from the difference between various colour
factors obtained in light and dark adaptation. The visual field analyser pre-
sents within the one system of examination a simple method for examining
colour cone function in light and dark.
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THE SINE-BELL SCREENER

R.P.CRICK & J. C. P. CRICK

(London, Great Britain)

ABSTRACT

There is an urgent need and an important role throughout the world for a simple and
very cheap instrument (approximately £5) which would be effective in detecting visual
field loss and be relatively independent of refractive error The Sine Bell Screening Peri-
meter has been devised with this object in view and particularly for visual field screening
for glaucoma. The principle of the sine bell stimulus which has been employed in this
simple multiple stimulus instrument has already been described elsewhere It provides
a rapid test with an easy method of scoring visual field performance and it allows control
of fixation as well as being relatively independent of the patients’ refractive error. The
S.B. Screener brings a reasonably standardised visual field test within the reach of all
those carrying out eye examinations and in particular encourages the early identification
of glaucoma.

INTRODUCTION

While the general function of visual field recording is common to all peri-
meters they may have various levels of complexity and standardisation. An
Octopus is essential for some purposes but for the worldwide detection of
fairly gross glaucomatous field loss when otherwise no test would be made a
very simple and inexpensive instrument may be appropriate if it is capable of
giving reasonably reliable results. It is preferable for the test to be as indepen-
dent of refractive error as possible so the principle of the sine-bell stimulus
(1) has been incorporated. A numerical representation of the state of the
visual field also aids classification. The sine-bell screener is a hand held device
for use by general practitioners and all those involved in testing sight when
the use of more complex equipment is precluded by lack of time or finance.
It comprises a screen with windows and a sheet held closely behind the
screen, the sheet bearing spot images; the spots being presented to the patient
by sliding the sheet behind the screen so that the images can appear briefly
at the windows. The windows and the images have ill-defined edges so that
the stimuli have approximately a sine bell character.

The screen is in the form of an open ended envelope within which the
sheet slides, the envelope having a different pattern of windows in its two
sides, in this case a mirror image pattern. Thus the device is reversible and the
number of available patterns doubled (Fig. 1).
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Fig 1. Diagram of envelope and slide of sine-bell screener.

A convenient way of displaying a pattern briefly to the patientis to arrange
for a series of notches or holes to be cut in or near the edge of the sheet
which is pushed manually behind the screen to the extent of one notch at a
time against a simple form of spring. In this way a reasonably constant time
of display can be achieved. For fixation the screen has a central aperture
and the sheet has an open or transparent slot through which the eye of the
patient may be viewed through the screen and correct fixation assured.

It will be seen that there are 16 windows (Fig. 1) on each side of the envel-
ope. The sheet has 16 printed images. The envelope has a central aperture
through which a perforated rivet passes. This also locates the slot in the slide.
The windows are apertures in photographic film printed with a graduated
pattern of the required optical density.

In use the envelope is held away from the face of a patient at a distance
which is determined by a distance cord fixed to the base of the envelope. The
cord is 30cm in length. The end of the cord is held against the cheek of the
patient and when the cord is taut the device is at the required distance from
the eye. The patient gazes at the white margin of the aperture in the envelope
(Fig. 2). The practitioner looks through the aperture and ensures that the eye
of the patient is fixed on the aperture. Then the practitioner places his
finger in the first of a series of notches in the top edge of the sheet. The
sheet is thereby pushed along to the extent of one notch. This has the effect
of bringing into registration certain of the images with respective windows.
Each image passes completely across the respective window and appears only
briefly. The practitioner asks the patient which images were seen and makes
a note. The process is repeated for each of the notches. The different notches
bring into registration different images with different windows so as to give a
variety of patterns of spots which are presented briefly to the patient’s eye.
A total of eight patterns is displayed. Then, the device is reversed and the
pattern of windows and images on the reverse is the mirror image of the
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Fig. 2 Sine-bell screener (prototype) in use.

pattern on the front side. The process is repeated so that another eight
patterns are displayed in turn to the patient. In this way a record can be
made of the light sensitivity of different parts of the eye to the stimuli
presented by the briefly appearing spots which are situated in the parts of the
visual field shown experimentally to be most frequently impaired in glaucoma.
Two, three or more spots, or single spots, may be displayed. It will be noted
that no two images are on the same horizontal line.

The background presented by the basic shade of the envelope and sheet is
grey. Although shown in Fig. 1 for the sake of illustration as dark spots, the
windows and images give spots of lighter hue than the grey background. Grey
is chosen instead of black in order to provide less variation of contrast between
stimulus and background in lighting conditions which may be difficult to
standardise accurately.

Referring now to Fig. 3 there is shown enlarged the nature of the density
distribution of one of the windows (left). This is printed on photographic
film across the window. The density of colouration (grey) diminishes from
the outside to the centre of the window. The graduation of density is con-
tinuous and can be defined by a particular curve of density against distance.

The appearance of each spot to the eye depends not only upon the nature
of the density distribution at the window but also on the nature of the image
(right) which passes behind the window. It will be seen that in view of the
graduated density pattern of the spots they have edges which are ill-defined.
The curves of density distribution of the combination of the window and the
image are such that when the window and the image are in registration the
total density distribution is sinusoidal. This is represented by the curve in
Fig. 3 which illustrates light intensity in the ordinate against distance across
the spot in the abscissa. It is to be understood that the density distribution is
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Fig 3 Diagram showing indefinite edges to aperture and spots and the intensity of
stimulus when they are momentarily superimposed.

symmetrical and is the same in all diameters of the essentially circular spot
which appears to the observer. The most satisfactory size and brightness of
the stimuli and the recommended ambient light are still under review.

In summary the features of the Sine Bell Screener are:

a) The Sine Bell character of the stimuli minimising the influence of ‘form
sense’ and inaccurate refraction.

b) The use of multiple stimuli which shorten the test.

¢) The simple slide mechanism for the presentation and change of stimulus
patterns.

d) The mirror image double sided display allows a uniform distribution of
stimuli and at the same time satisfies the requirement that there can only
be one stimulus on the slide at each level. Additional slides can be made
available to vary the stimulus patterns, intensity or quality.

e) The direct control of fixation by the observer and simple control of dis-
tance by the ‘distance cord’.

f) The visual field assessment by simple scoring with or without note of the
pattern of loss to this particular stimulus.

g) As the main medical objective of perimetry is to prevent loss of sight by
detecting visual field defects which can be arrested by treatment, the
distribution of stimuli in this test has been selected to be particularly
applicable to glaucoma detection though other neurological conditions
may be revealed. While a successful test does not exclude glaucomatous
or other field loss the use of the simple sine-bell screener when a more
expensive instrument is not available may help to remedy the frequent
failure of recognition of established cases of glaucoma so that their treat-
ment is not further delayed.
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THE SINE-BELL STIMULUS IN PERIMETRY

J. C.P. CRICK & R. P. CRICK

(London, Great Britain)

ABSTRACT

Signal processing theory may be used to describe the input to, and to some extent the
response of the human visual apparatus. In perimetry it is desirable to separate the func-
tion of light sense from that of form sense. This requires the use of stimuli which contain
the minimum of high spatial frequency components, which corresponds to a lack of an
abrupt brightness step or sharp edge. A new design of standard stimulus is proposed
which satisfies this requirement while remaining limited in extent, and is simply defined.
The use of this sine-bell stimulus in perimetry would minimise the influence of visual
acuity on the field and obviate the need to correct refraction error accurately This
would result in a quicker and more consistent test.

INTRODUCTION

Most people are aware that the quality of pictures transmitted to earth from
space ships is enhanced by the techniques of image processing. This is made
possible by treating the image as a 2-dimensional signal and applying the
established methods of signal processing. The same theoretical approach may
be made to the investigation of the visual field with the aim of making the
test more specific and the results more consistent.

First we should like to elaborate on the concept of the visual signal. In this
context, a 1-dimensional signal is the variation of one parameter as the single
value function of another, the latter usually being time or distance. Familiar
medical examples include palpation of the radial pulse where distension of
the arteries is sensed in relation to time, and the electrocardiograph where a
voltage between two points on the surface of the body is plotted on paper in
relation to distance along the paper. In perimetry, we present the examinee
with an area bearing a pattern of light and dark, typically being a relatively
dark background with a small light area for fixation of gaze and one or more
other light areas positioned within the normal field of view. As an area has
two dimensions, this pattern may be analysed as a two-dimensional signal,
being brightness in relation to distance in each of two directions at right
angles. If this pattern is varied in time the signal takes on a third dimension,
now being brightness in relation to two perpendicular distances and time.
Thus the input to the patient’s visual system may be regarded as a three
dimensional signal.
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Fig. 1. Brightness plotted against distance across the diameter of a typical perimetric
stimulus — a uniformly white disc with a relatively dark background — produces a
‘square wave’ pattern.

One of the cornerstones of the mathematical analysis of signals is the ability
to represent them as the algebraic sum of a series of harmonically related sine
wave components, the amplitudes of which may be derived by means of the
Fourier transform. For example, if brightness is plotted against distance
across a typical perimetric stimulus (Fig. 1), the resulting graph takes the
form of a square wave. This same pattern may be synthesised by adding a
series of sine waves as shown in Fig. 2, the first being the fundamental to
which are added the third, fifth, seventh and further odd harmonics at pro-
gressively lower amplitudes. It may be seen that with just four components,
a fairly good approximation to the square wave is achieved and this approxi-
mation is improved with the addition of further components. Plotting the
amplitude (brightness contrast) of these components against their frequency
(cycles per unit length) gives the frequency spectrum of this type of signal
(Fig. 3).

In general, higher frequency components are present in any signals possess-
ing sharp comers and loss of high frequencies (by filtering or damping for
example) results in 2 more rounded looking pattern.

Signal processing theory is concerned not just in describing signals, but
also in predicting the response of systems to them. In general, if the output of
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Fig. 2. The synthesis of a square wave by adding harmonic sine waves whose amplitudes
may be determined by the Fourier transform.

a system bears some relation to the input, the relationship may be expressed
as an equation. In one extremely important class of systems, this takes the
form of a linear differential equation with constant coefficients. These are
called linear systems and it should be understood that the name does not imply
a simple straight-line relationship between the input and output. There are,
however, two major properties of linear systems that make them particularly
interesting. The first is superposition whereby the response to the sum of two
signals is the same as the sum of the responses to each signal separately. The
second, frequency preservation, means that the response to a continuous
sinusoidal input is a sinusoidal output of the same frequency. As a conse-
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Fig. 3 Amplitude plotted against frequency for the sine wave components of a square
wave to give its frequency spectrum.

quence of these properties, the behaviour of a linear system can be described
using a Fourier series in the same way as a signal, the result being the fre-
quency response, rather than the frequency spectrum. This is the form in
which the performance of ‘hi-fi” audio equipment is often presented and is
similarly used in medicine in the ‘pure tone audiogram’. In this test of hearing
there is no measurable audio output, so the parameter measured is minimum
intensity of input — a pure tone or sine wave — that is just heard. This
threshold intensity, found for several different frequencies is plotted against
the frequency.

The use of these techniques on audio systems with valuable results suggests
that applying them to the human visual system may also prove helpful. For
frequency analysis of the visual apparatus to yield meaningful results, it must
be shown that it behaves in some circumstances as a linear system. This may
be considered in two parts: the optical system and the receptor/neural pro-
cessing system.

In assessing the performance of photographic and other lenses a useful
parameter has been found to be the ‘modulation transfer function’ — MTF.
This is obtained by using as the object, patterns of light and dark stripes such
that a graph of brightness across them produces a sine wave pattern (Fig. 4).
The contrast between the maximum and minimum brightness (i.e. the ampli-
tude of the sine wave) of the image is then compared to that of the object.
The transfer function for objects of different spatial frequencies may be
plotted against the frequency (in lines per milimetre). The resulting frequency
response of the optical system reveals its flare properties and resolution. The
design and use of this test presupposes the ‘linear’ properties of the system,
and the supposition is borne out by the usefulness and consistency of the
results.
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Fig. 4 Stripe pattern (‘grating’) with sine-wave plot of brightness against distance.
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Fig. 5. Frequency spectra of two very brief pulses with the same product of amplitude x
duration showing that the amplitudes of the lower frequency components of each are
very nearly equal. To a linear system responding only to frequencies below f’ these pulses
will be equivalent inputs and result in similar outputs.

Characterising the response of the receptors and neural processors is more
difficult because generally there is no objective output that bears a quantitat-
ive relation to the input and corresponds reliably with the subjective per-
ception of the stimulus. One practically unambiguous ‘output’ is the yes/no
response to threshold testing and for this reason it is by far the most widely
used form of sensory measurement. Even with this limited response, however,
there is some indication of linear system behaviour. Consider, for example, an
input taking the form of a pulse of short duration. A frequency analysis of
different such pulses which have the same product of amplitude and duration
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reveals that their spectra differ only in the higher frequency components. It
would therefore be expected that a linear system whose frequency response
was limited to those lower frequencies common to the different pulses, would
respond to them all in a similar way (Fig. 5). That this has been found to be
true, under certain conditions, for both very brief and very small visual stimuli
is embodied in the laws of Bunsen-Roscoe and Ricco respectively, which
have been employed extensively in the design of perimeters.

By analogy to audiometry, it would seem reasonable to assess the eye’s
performance by measuring its spatial frequency tesponse. In the routine test-
ing of visual acuity using the Snellen type, the object is of the maximum
available contrast (black/white) and the ability to resolve lines, as parts of a
letter, as close as one minute of arc apart is tested. This gives the absolute
upper limit of the spatial frequency response. In recent years several investi-
gators, notably Arden, have used ‘gratings’ patterns similar to those for
testing optical systems but of sufficiently low contrast that threshold can be
determined for relatively coarse gratings with up to 5° of arc between peaks.
This allows contrast sensitivity to be plotted against spatial frequency to give
a full spatial frequency response cruve for human vision (Fig. 6). Refractive
errors have been found, not unexpectedly, to reduce sensitivity to high spatial
frequencies while response to low frequencies is unaffected. In some other

1 L Contrast ihreshold iper cent !

z —

5 -

o {

2

50—
i 1 1 1 1
1 2 5 i0 2

cycles/degree

Fig 6 Sensitivity (brightness contrast at threshold of perception) of normal subjects to
gratings patterns plotted against the number of lines per degree (subtended at the eye) of
the patterns to give a spatial frequency response graph for the human visual apparatus
(modified from Arden, 1978).
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Fig. 7. Sine-bell perimetric stimulus, and plot of brightness across a diameter (cf. Fig. 1).

conditions the reverse seems to be true or there may be a depressed sensitivity
over the whole frequency range.

Returning to the standard perimetric methods, refractive error may have a
profound effect on the result, necessitating the time consuming assessment
and correction of refraction prior to the test if meaningful and consistently
comparable fields are required. If refractive error does not affect the response
to lower spatial frequencies, why not devise a test employing a pattern con-
taining only low frequencies? Or, put another way, why include in the stimu-
lus, high spatial frequencies which mainly test form sense when the aim is to
test the light sense in a part of the field? A pattern minimising high frequency
content could easily be obtained by using light stimulus areas which have
indistinct edges as opposed to the normal sharply defined disc stimuli. The
design of stimulus with no high frequency components would have, as a plot
of brightness across a diameter, a sin x/x function. This would not be practical
as each stimulus would extend over the entire field. A design with limited
extent and still having little energy in the high spatial frequencies is the sine
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bell stimulus, which has a plot taking the form y = sin x for x between —7/2
and +3 n/2 (Fig. 7). A defining equation for brightness (B) in relation to
distance (d) from the centre would be:

andB=cford>r

where a = brightness at the centre of the stimulus
¢ = brightness of the background
r = radius of the stimulus.

The sine bell stimulus, however, is just one of many possible similar designs
which would in practice be equivalent provided abrupt edges are avoided.

The resolution of a static perimeter depends on the distance between
adjacent stimulus positions. There is thus little to be gained from using stim-
uli of smaller diameter than this distance. The use of sine bell stimuli of large
diameter could make the test independent of refractive error of up to §
diopters.

In summary, the application of signal processing theory to the stimulus pattern
used in perimetry suggests that redesign of the typically sharply-defined disc
stimulus to minimise high spatial frequency components would reduce the
influence of visual acuity on the resulting fields. Such a design, with a sine-
bell brightness distribution, is described and will be assessed experimentally
as a possible new standard stimulus for perimetry.
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A new tool for screening and quantitative campimetry

TOSHIFUMI OTORI, TAKASHI HOHKI & MASAHARU IKEDA

(Osaka, Japan)

ABSTRACT

A portable ‘Central Field Screener” was designed for screening and quantitative campi-
metry. The new campimeter is the modification of Park Central Field Tangent Screen
(Sola) and uses 46 static red diode targets and one target for fixation. These targets
have the diameter of 3.0 mm, light up for 0.1—-2.5 sec and flicker at the frequency of
5, 10, 15, 25, 30 and 35 Hz. Four symmetrical targets are exposed simultaneously at
the distance of 50 cm and one or any number of these four targets can be extinguished
at the examiner’s will. A classical wand with a red diode target of 3.0 or 5.0 mm in
diameter can be used at any time for on-the-spot confirmation of abnormal fields.
Central Field Screener is also equipped with a daylight screen as in Autoplot Tangent
Screen (Bausch & Lomb) and a portable quantitative light pointer with the neutral
density filters of 1/4, 1/8, 1/16, 1/32, 1/64, 1/128 and 1/256. The diameter and the
highest luminance of the projected target are 6.0 mm and approximately 70 asb respec-
tively. This new campimeter has been found quite useful in detecting field changes of
hemianopsia, hemianoptic scotoma, glaucoma fields, especially Bjerrum scotoma, central
scotoma, enlarged blind spot and marked contraction.

INTRODUCTION

In recent years various types of screening campimeters and very expensive
computerized automatic perimeters have been developed and used in the
world. However, from our personal experience in clinical perimetry during
the last 20 years it is deplorable that classical methods of campimetry are
being forgotten. Based on our clinical experience with Goldmann perimeter
and modified Autoplot Tangent Screen (Bausch & Lomb), we decided to
develop a new portable screening and quantitative campimeter which simu-
lated Park Central Field Tangent Screen (3). It is the purpose of this paper
to describe the design and characteristic features of our new campimeter,
‘Central Field Screener’.

MATERIALS AND METHODS

Fig. 1 is the whole view of our ‘Central Field Screener’. This is as Jarge as a
medium-sized suitcase which can be opened and set up as in Fig. 1.
We employed one diode fixation target and 46 red diode targets whose
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Fig. 1 The whole view of the ‘Central Field Screener’, opened and set up for the examin-
ation of the central field by multiple pattern method.

diameters were 3.0mm. The front panel was holed to install 46 diode targets
so that we could detect hemianopsia and early changes of glaucoma by mul-
tiple pattern method (1, 2).

Fig. 2 shows the location of 4 targets exposed simultaneously from pos-
itions 1 to 12 except for 2 targets in position 9. The two targets in position 9
are used for testing the blind spot.

In order to assure easy and quick determination of the field, 4 red diode
targets light up simultaneously, one in each quadrant, by pressing the red
button installed on the left control panel. The exposure time of the target
is 0.1-2.5 sec and these targets flicker at the frequency of 5, 10, 15, 20,
25, 30 and 35 Hz. One or any numbers of these targets can be extinguished
at the will of the examiner. This simultaneous exposure of four targets
eliminates the difficulty of plotting the results by multiple pattern method.
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Fig. 2. Location of 4 targets exposed sunultaneously from position 1 to 12.
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Fig 3. Central field of a case of left homonymous hemianopsia in a 69-year-old female
caused by infarction of the right occipital lobe.

We abandoned unexpectedness in the location and order of the exposure of
targets. We simply asked the patient how many targets he could see and
whether or not four targets were equally seen as in confrontation method.

On-the-spot confirmation of the field changes detected by multiple pattern
method can be achieved by the use of a 3.0 or 5.0 mm red diode target on the
wand. Classical absolute margin of the blind spot can be easily plotted with
the red diode target on the wand. Flicker isopters are also obtained by
changing the frequency of the flickering target.

Another feature of this campimeter is that quantitative campimetry can
be done on the daylight screen by the use of a small quantitative projected
light pointer. Our quantitative projected light point has 7 different neutral
density filters of 1/4, 1/8, 1/16, 1/32, 1/64, 1/128 and 1/256. The diameter
of the target is 6.0mm and the target is projected at the distance of 75 cm
from the screen to obtain the sharply defined margin of the target at the
background luminosity of 10asb. The luminosity of the target without a
neutral density filger is approximately 70 asb.

RESULTS AND DISCUSSION

Black dots on the chart indicate the unseen targets in a case of left homony-
mous hemianopsia in a 69-year-old female (Fig. 3). The use of a red target
on the wand and a quantitative projected light pointer reveals clear-cut
hemianopsia, which corresponded well to the field determined with the
Goldmann perimeter.

Our quantitative projected light pointer was found quite useful in de-
tecting the subtle and earliest changes of hemianopsia in cases of chiasmal
syndrome.

Fig. 4 shows a Bjerrum scotoma detected with a red diode target on the
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Fig. 4. Central field of a case of chronic simple glaucoma in a 53-year-old female.

wand in cases of chronic simple glaucoma. The abnormal findings with the
screener are in good agreement with those of the Goldmann perimeter.
The present study revealed that this screener was quite useful in detecting
the following field defects:
1) hemianopsia and hemianoptic scotoma
2) glaucoma field, especially Bjerrum scotoma
3) central scotoma
4) enlargement of the blind spot
5) marked contraction of the field.

CONCLUSION

It is concluded that our ‘Central Field Screener’ is quite useful as a screening
and quantitative campimeter not only for in-patients but also from the view-
point of space economy in modern examining rooms.
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A NEW SCREENING METHOD FOR THE DETECTION
OF GLAUCOMATOUS FIELD CHANGES
The flicker triple circle method

HIROSHI KOSAKI

(Osaka, Japan)

ABSTRACT

A report was made of a new screening method for detecting early glaucomatous field
defects by the use of flicker campimeter This method consisted of detection of de-
pression of critical fusion frequency along the 10°, 15° and 20° lines. Studies of 45 eyes
of incipient cases of chronic primary glaucoma and 32 eyes of normal subjects with this
method revealed that the sensitivity of this method was as high as 78% in glaucoma
cases However, this method was so sensitive that false-positive results were obtained in
13% of the normal subjects.

INTRODUCTION

Since diagnosis of chronic primary glaucoma is not always easy to make with
tonometric data, perimetry is very important to detect characteristic glau-
comatous field defects. It is well known that glaucomatous nerve fiber bundle
defect is sensitive to flicker campimetry of the Bjerrum area (1, 4).

It is the purpose of this paper to describe a new screening method for
detecting early field changes of glaucoma using a modified Autoplot Tangent
Screen.

MATERIALS AND METHOD

Using Bausch & Lomb Autoplot Tangent Screen and a flicker attachment
designed by Dr. Nakabayashi (3) (Fig. 1), we examined the central field as
follows (Fig. 2):

1) determination of the blind spot with a 6 mm target by kinetic method;

2) determination of the critical fusion frequency of the fixation point with
a 15 mm flickering target;

3) detection of the depression of critical fusion frequency along the 10° line
with the flickering target 10 Hz lower than that of fixation point. If there
was no depression, the flickering target 2 Hz higher than that of the initial
target was used for reappraisal;

4) detection of the depression of the critical fusion frequency along the 15°
line with the flickering target 3 Hz lower than that of the 10° line;

5) detection of the depression of the critical fusion frequency along the 20°
line with the flickering target 2 Hz lower than that of the 15° line.
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Fig. 1. Flicker campimeter Modified Autoplot Tangent screen by Dr. Nakabayashi.
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Fig 2. The figure which explains our flicker triple circle method.

It took us 40 seconds for the test of the 10° line, 80 seconds for the test of
the 15° line and 120 seconds for the test of the 20° line. Total time for
screening was therefore about 5 minutes. All tests were performed by one
technician to obtain uniform results. This method was performed on 45 eyes
of incipient cases of chronic primary glaucoma and 32 eyes of normal subjects.

Glaucoma cases consisted of 28 eyes of open angle glaucoma and 17 eyes
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with the average of 58.3 years. As reported previously, according to Kosaki’s
classification (2), I-1, I-2 and I-3 isopters were abnormal in Ila and not only
ail these isopters but also I-4 isopter was abnormal in IIb on the Goldmann
perimeter. Field defects of 39 eyes were classified as Ila and those of 6 eyes
were classified as ITb.

No abnormalities were detected in kinetic Goldmann perimetry of normal
subjects. The age of normal subjects ranged from 17 to 75 years with the
average of 41.3 years.

RESULTS

Case 1 was a 58-year-old female and she suffered from open angle glaucoma.
Her intraocular pressure was controlled with 0.25% solution of @-blocker
{Bupranolol) and her visual field was classified as IIb according to my classifi-
cation (2). Arcuate scotoma in the superior Bjerrum area and superior nasal
step were observed in her left eye (Fig. 3.1). As shown in Fig. 3.2, depression
of the critical fusion frequency was suspected in the nasal area of the 20° line
when the flickering target of 8 Hz was used and depression was suspected in
the upper and nasal areas of the 15° line when the flickering target of 10 Hz
was used and depression was noted in the nasal area of the 10° line when the
flickering target of 13 Hz was used. In this case, the result of our screening
method corresponded well to that of kinetic Goldmann perimetry.

Case 2 was a 67-year-old female and she suffered from closed angle glau-
coma. Her intraocular pressure was controlled with 1% pilocarpine and her
visual field was classified as IIa. Scotoma was found superior to the blind spot
in her left eye (Fig. 4.1). As shown in Fig. 4.2, depression of the critical fusion
frequency was noted both in the temporo-superior area and in the superior
area of the 20° line when the flickering target of 8 Hz was used and depression
was noted in the temporo-superior area of the 15° line when the flickering
target of 10 Hz was used. The result of this case with our screening method
corresponded well to that of kinetic Goldmann perimetry.

The results of our screening method in 45 eyes of incipient glaucoma cases
was shown in Table 1. Depression of the critical fusion frequency was noted
in 35 eyes (78%) and no depression was noted in 2 eyes (4%). Poor reproduc-
ibility or changeability of the results was observed in 8 suspected cases (18%).

The results of our screening method in 32 eyes of normal subjects were
shown in Table 2. Depression was noted in 4 eyes (13%), abnormality was
suspected in 11 eyes (34%) and no depression was observed in 17 eyes (53%).
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Fig. 3.2. Case 1. the result of flicker triple circle method.

Table 1. Results of our screening method in 45 eyes of glaucoma.

No depression Suspected Depression
IIa 2 6 31
Ib 2 4
Total 2 8 35
% 4%) (18%) (78%)
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Fig. 4.2. Case 2. the result of flicker triple circle method.

Table 2. Results of our screening method in 32 eyes of normal subjects

No depression Suspected Depression
Eyes 17 11 4
% (53%) (34%) (13%)
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DISCUSSION

The present study revealed that sensitivity of this new method, flicker tripie
circle method was as high as 78% of 45 eyes of chronic primary glaucoma.
On the other hand, study of 32 eyes of normal subjects revealed that the false-
positive results were obtained in 13% of the normal subjects.

It is interesting to note that depression is more frequently observed in the
upper half of the field than the lower half.

Analyses of the data also revealed that the incidence of abnormal fields
were not the same in 10°, 15° and 20° lines. Depression of critical fusion
frequency was noted in 91% of the cases along the 15° line, 77% along the
20° line, 51% along the 10° line. In one case out of 43 eyes tested, depression
of critical fusion frequency was noted along the 10° line. These results seem
to suggest that the test of critical fusion frequency along the 15° and 20°
lines may be sufficient for screening purposes, although the triple circle
method is preferable.

CONCLUSION

It is therefore concluded that our ‘flicker triple circle” method by the use of
modified Autoplot Tangent Screen is quite useful for detecting early field
changes of glaucoma.

Toshifumi Otori, M.D., gave advice on the preparation of this report.
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ROTOTYPE CAMPIMETER AS-2 AND

A
ITS APPLICABILITY WITH BOTH EYES OPEN

AKIHIRO SUZUMURA

(Aichi, Japan)

ABSTRACT

In the present investigation the Suzumura spatial perimeter was modified and a new
campimeter prototype was devised for use with both eyes open. The feature of the new
device is its capacity for fixation with both eyes on a fixed point on a screen positioned
only on the eyes of the subject tested, and the distance of the image formed is equivalent
to that of the screen. Thus, the visual target is seen as if to actually appear on the screen.
The results were as follows: (1) Central fixation is possible by the normal eye even if
there is central scotoma, and error is small; (2) Fluctuation in ocular fixation is minimal;
(3) Visual fatigue is marginal in central scotoma; and (4) Accommodation and pupillary
athetosis are prevented from occurring at the time of measurement.

INTRODUCTION

The author (3) developed a campimetric method to measure binocular vision
with both eyes open. Kato (2) clarified its clinical application. In the present
study, the use of a clinically practical campimetric prototype is reported to-
gether with the test results.

MATERIALS AND METHODS

Figure 1 shows a view of the system developed by the author, and Fig. 2
presents the optical arrangement. The system uses a large beam splitter, and
60° visual field measurement is feasible. (The field can be enlarged to 120°
with fixation point movement.) The light target is not a projected image but
a spatial one positioned one meter (variable) in front of the light source by a
light guide. Target conditions are the same as with the Goldmann perimeter.
The target is moved manually and synchronized with the recorder. The screen
is placed in the positioning area of the light object; light intensity is 31.5 asb
(adjustable). Ilumination is controlled from beneath the chin rest, and the
fixation point is also projected simultaneously.

Subjects for basic Tests I and II were 5 persons of both sexes with normal
vision, aged 24—25; in Test IIL, 5 children of ages 7 to 10 with normal vision
were used. The diseased eye case had a visual field only in the paracentral
area of the ruptured macula lutea.
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Fig 1 External view of prototype campimeter AS-2.
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Fig. 2. Optical arrangement for AS-II campimeter with both eyes open.

RESULTS

Test I. Effects of fixation conditions on isopter

Measuring conditions: Fixed target fixation in the perimetric measurement
with both eyes open (herewith BP) was with (1) binocular fixation; (2)
measured eye fixation, and (3) non-measured eye fixation. In the case of (2)
and (3), a diffusion glass was placed in front of the one eye beam splitter
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front surface, and only a clear field was presented. The G

(hereafter GP) was used for the control measurements. The right eye was used
for centrifugal and centripetal measurement in I-1 (light target).

Measurement results: Mean centrifugal values for the 5 subjects are shown
in Fig. 3. BP (1) values were broadest and not so dispersed. BP (2) and (3)
evidenced a narrower range. GP values were virtually the same as the BP (1)
ones but showed great variation.

The difference in centrifugal and centripetal values is seen in Fig. 4.
Other than for GP, extremely little difference was noted. From here on the
visual field tended to show smaller values with a clear field and no fixation.
The condition in which both eyes were left open resulted in stabler, more
accurate values, with less fatigue.

Cuse of diseased eye. In the macula lutea breakdown case in which only
the paracentral field remained, results were as shown in Fig. 5 for BP (1) and
GP (2) measurement. In BP (1), fixation was correctly performed and an
accurate field of vision obtained.

Test II. Effects of background space on isopter

Kato (2) reported stabilization in ‘floating’ accommodation and pupillary
diameter oscillation in BP measurement. In this test, distance of the visual
object was put at 1 m, and the fixation point distance was varied to 0.5, 1,
1.5 and 2m for centrifugal and centripetal measurements. Table 1 shows the
comparative results with the visual field area under centripetal measurement
and with a 1-m fixation distance was taken as 1. Whenever there was little
accommodation, the field was narrow and values very disparate. However,
no statistically significant difference was observed.

Table 1 Visual field area changes in terms of fixation distance

Subject 0S5m 1m 1.5m 2m GP

H.I 1.29 1 124 1.23 1.05
A.S. 1.12 1 0.89 0.92 0.99
M.W. 1.07 1 1.10 0.69 1.11
T.K. 088 1 1.00 094 1.04
N.T. 0.98 1 1.12 0.92 1.11
Mean 1.07 1 1.07 094 1.06
Deviation £ 0.138 1 £0.119 +0.171 +0.045

Visual target I-1.
Background illumination: 31.5 asb.
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Fig 4 Difference of fixation by both or one eye in terms of manifestation and dis-
appearance regions.
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BP
Fixation by both eyes

&P
Target 1/3

''''' Centripetal measurement
— Centrifugal measurement

Fig 5 Patient (K.S ) with breakdown of macula lutea.

Test III. Measurement of visual field in children

Results of children’s tests with previous measurement methods have been
inconsistent. Using children ranging in age from 8 to 10 years, the author
investigated the stability of BP values and compared them with those from
GP measurements. As shown by the comparative areas in Table 2, the BP and
GP results were virtually the same with centripetal measurement; BP showed
slightly broader values, and less divergence. However, GP values from centri-
fugal measurement were markedly greater. The BP-measured values approached
those of adults, and they were obtained with virtually the same ease.

Table 2 Visual field area ratio in children.

GP BP

Subject

No. Centrifugal Centripetal Centrifugal Centripetal
1. 6.29 2.04 2.82 1.06

2 6.56 341 241 1.01

3 8.52 2.62 4.17 3.21

4 5.87 0.66 3.34 1.84

S 1.34 0.50 451 0.78
Mean 5.72 1.65 345 1.58
Deviation £2.37 +1.16 £079 +£0.89

1 = area of circle with 10° radius.
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DISCUSSION

A system was devised to measure mono-ocular vision with both eyes open,
namely, in the natural condition. Ashley (1) and Miller’s systems, developed
for the same purpose, have been employed, but they involve problems of
astigmatism and imbalance of accommodation between eyes. The relationship
between accommodation and visual field is clear from Test II. The value of
the fixation measurement the present system makes possible in truly natural
condition is clearly underscored by the results of Test I and the diseased eye
findings. It was also obvious that consistent measurement is feasible even
under difficult conditions, such as with young children. Moreover, results
revealed less time for measurement and diminished fatigue.

As for measurement accuracy, the present tests showed a visual field nar-
rowing tendency under conditions in which a clear field without fixation was
presented to one eye, and a type of inhibition phenomenon was noted. How-
ever, this was not true with both eyes open, and thus the new system is con-
sidered in no way inferior to the method used thus far.

CONCLUSION

A new system was developed to measure mono-ocular visual field with both
eyes in the naturally open condition. Measuring accuracy proved to be out-
standing from tests, and measurement was also possible under difficult fixation
conditions. An advantageous decrease in fatigue and increased ease of measure-
ment were also quite evident. Another feature of the present system is that it
makes possible measurement with the screen as the actual surface, and it is
also thought to be an effective device for the ergoperimetry cited by
G. Verriest.
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ANALYSER MARK II
V.J. MARMION

(Bristol, Great Britain)

ABSTRACT

The improved Visual Field Analyser Mark Il represents a positive improvement with a
better system of random sampling. There is a definable improvement in the method of
multiple stimulus static perimetry in relation to the Visual Field Analyser Mark I.

INTRODUCTION

Techniques of examining the visual field have for the past thirty years been
based on static or kinetic perimetry. Both required a logical programme se-
quence of examination, which naturally led to automation. Over the past
decade the Friedmann Visual Field Analyser has introduced another concept,
that of random sampling in a specified area of the central 25° (2). This tech-
nique has become firmly established and is attractive to the busy clinician and
is, perhaps, simpler for the patient. The improved Visual Field Analyser Mark
II offers cover of the blind spot, central 10°, nasal step and, in particular, the
arcuate area. There is a better randomisation of the number of focii presented
at any time and a degree of geometrical asymmetry is introduced in the pat-
terns presented. The Visual Field Analyser Mark II therefore offers the possi-
bility of covering a spectrum of defects with more accuracy.

MATERIAL AND METHODS

Ten patients of similar age and sex were examined. Five of these were glau-
coma suspects with no expected visual field defect. Five were known glau-
coma subjects with established field defects. All were examined on the Gold-
mann perimeter covering the central 30° along 15° meridiae in 2°5 steps using
2 different light thresholds with a 1 mm target. This examination was used as
the baseline for the Visual Field Analyser examination which followed first
the Mark I and then the Mark II. To compare the two instruments it was felt
that neither an A, or a B run on the Visual Field Analyser Mark II provided a
comparable number of positions for a valid comparison with Mark I. The
whole of the upper and lower field filter settings for each instrument were
recorded, summated and compared with the counts from within the corre-
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Table 1.
Glaucoma Upper Lower

Whole 10--20 t Whole 10-20 t
Suspects
VFAI 17.5 (2.91) 17.23 (3.04) 0.741 17.7 (3.29) 17.97 (2.29) ~0.547
VFAII 17.3 (1.8) 16.95 (2.16) 2.637S 17.48 (1.78) 16.95 (2.12) 3.0908
t —-0.755 —0.893 —-1416 ~3.606S
Patients
VFAI 10.08 (5.84) 9.03 (5.95) 1.173 9.93 (6.73) 9.57 (6.83) 0.345
VFAII 10.01 (6.44) 9.35(6.57) 1.233 9.66 (6.92) 8.54 (7.12) 1.776
t -0.119 —0.340 -0.392 —0.982

S = Significant.
SD shown 1n brackets to the right of mean.



sponding 10° to 20° area from fixation. A mean and standard deviation were
obtained and a t-test applied to the results from within the instruments and
between the two instruments. These are presented in the Table.

THE RESULTS

These show that in the recordings from the glaucoma suspect group, the
variability (SD) is low, and the means are comparable. Statistical analysis,
however, shows that there is a significant difference with the Visual Field
Analyser Mark II in both the upper and lower fields between the arcuate area
and the whole field and, in the case of the lower field, a significant difference
between the arcuate area of each instrument. This could have been over-
looked if a 0.4 log unit variability had been applied (3). In the glaucoma
group, the degree of variability (SD) is greater although the means are similar.
In the analysis between the whole and arcuate fields, although some results
approach, they do not reach significance (95% level), and there is no signifi-
cant difference between either instrument either for the whole or the arcuate

area of the field.
DISCUSSION

The advent of a modification in the perimeter should offer both a quanti-
tative and a qualitative progress. Qualitative improvement has been achieved
with a range of controls, illuminated panels, continuous flow of filter selec-
tions and other features.

If this improvement is to be shown in clinical practice, it should be manifest
in a quantitative and definable difference in the analysis of the field defects.
As a control, a modified Armaly Drance technique was used (1). This was to
provide a reference for the field defects and to reduce the elements of false
positives or negatives. The Visual Field Analyser recordings are comparable
yet, when analysed statistically, a significance appears in favour of the results
obtained from the Visual Field Analyser Mark II indicating a discernable
difference between the two instruments. It can therefore be anticipated that
the Visual Field Analyser Mark IT will fulfil the role ascribed to it in the
detection and follow up phase more accurately than the Visual Field Analyser
Mark I.
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OPTIC NERVE FUNCTION IN THE TOXIC AMBLYOPIAS
AND RELATED CONDITIONS

WALLACE S. FOULDS

(Glasgow, Great Britain)

There are of course many forms of toxic amblyopia and if we exclude is-
chaemic optic neuropathy and glaucoma, patients presenting with optic nerve
dysfunction fall into four categories in order of frequency, namely the
retrobulbar neuritis of multiple sclerosis, tobacco amblyopia, inherited optic
atrophies and optic nerve compression.

Although this appears a disaparate group of conditions the differential
diagnosis in this group can present difficulties. It is for this reason, and in
order to assess the severity of the condition and its progress that cases falling
within this group of disorders require careful visual assessment making use of
all the powerful techniques we now have at our disposal.

The assessment of colour vision is an important measurable parameter and
in cases of toxic amblyopia where error scores are often very high, automated
equipment is a great help in the rapid computation of error scores and the
plotting of results (11).

Much interest has been shown in recent years in such parameters as con-
trast sensitivity to grating patterns, for abnormalities in grating discrimination,
not necessarily paralleling acuity may be seen in many optic nerve dysfunc-
tions. To test grating resolution accurately is very time consuming and the
simple grating test of Arden and Jacobsen (2) may be a useful addition to the
armamentarium of clinical departments interested in optic nerve function.
Electro-physiological tests are of course important and the ability to record
visual evoked cortical potentials is mandatory as indeed is access to CAT
scanning and sophisticated biochemistry in relation to the differential diag-
nosis of say compressive lesions from, for example, demyelination due to
multiple sclerosis.

Returning to the toxic amblyopias and particularly tobacco amblyopia
there is little new that can be said about the field defects in this condition,
for it has been known for at least half a century that the defect in tobacco
amblyopia is a bilateral centro-caecal depression and that the defect is more
marked for a red or a green target than for a white target, a manifestation of
the acquired red/green dyschromatopsia that these patients demonstrate.
When one examines the centro-caecal depression by static perimetry, one
frequently finds that the defect goes well beyond fixation and that often
there are peaks and troughs within the centro-caecal area (Fig. 1a).

As is well known, when smoking is stopped vision gradually recovers over a
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Fig. 1. Static perimetry in tobacco amblyopia. The depression of centro-caecal field often crosses the mid-line (a). During treatment the juxtapapillary
defect recovers more rapidly than the central (b).
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the juxtapapillary defect to ecover more rapidly than the central defect, so
that a peak is often seen between the blind spot and fixation (Fig. 1b).

As is well known the accompanying red/green defect also improves with
cessation of smoking, although a residual and often permanent defect of
colour vision is common (4).

The contrast sensitivity to gratings is 1nterest1ng 1n tobacco amblyopia. In
the untreated condition, contrast thresholds are high for grating patterns of
all spatial frequencies (Fig. 2a), but recovery is first heralded by a decrease in
the threshold for low frequency gratings (Fig. 2b). Even when visual acuity
has completely recovered however contrast threshold for high frequency
gratings often remains elevated and this with the common residual colour
defect indicates that not all the damage in this form of toxic amblyopia is
reversible (Fig. 2¢).

Obviously many other measurable parameters can be demonstrated as
being abnormal in tobacco amblyopia. Thus, dark adaptation curves from the
centro-caecal retina are manifestly abnormal as compared to those derived
from the temporal retina. In general however, such measurements do not add
to our diagnostic accuracy and are not routinely carried out by us in such
patients.

Out main interest in tobacco amblyopia has been biochemical and our
current thoughts are that the condition is a defect of sulphur metabolism
which results in the abnormal detoxication of cyanide derived from tobacco
smoke, resulting in the production of a detoxication product 2-immino-4-
thiazolidine carboxylic acid, which may interfere with myelination via its
effect on choline synthesis. The evidence for abnormal sulphur metabolism
in tobacco amblyopia includes lower than expected thiocyanate levels, which
are usually high in tobacco smokers; low levels of red cell glutathione, a rich
source of sulphydryl groups and low levels of sulphamino acids, especially
cystine, in the plasma. Correction of the relative sulphur deficiency by, for
example, giving the sulphamino acid cystine, rapidly normalises the bio-
chemical picture and leads to recovery of vision even when smoking is con-
tinued (6, 7, 8).

The predilection which this type of optic nerve damage has for the centro-
caecal area of the field is not understood nor are the reasons why differing
field defects are seen in other types of toxic optic neuropathy. Thus, quinine
amblyopia is characterised by loss of peripheral field while in ethambutol
optic neuropathy the defect may be a bi-temporal one indicating chiasmal
damage (3).

Ethambutol toxicity shares with many optic neuropathies the features of
good recovery of function in the presence of sometimes severe optic atrophy
as seen ophthalmoscopically and illustrates the difficulty in assessing poten-
tial function from the appearance of the disc.

It is interesting that ethambutol has been shown to reduce plasma zinc
levels (10) and it is now thought that zinc deficiency may be an important
causal mechanism underlying the neuropathy. We ourselves have confirmed
zinc deficiency in a number of toxic amblyopias, but have not so far had the
opportunity to try zinc supplementation as a therapy in these cases. Another
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Fig. 2. Contrast threshold to gratings in tobacco amblyopia. Before treatment thresholds
are elvated for all spatial frequencies (a). During treatment recovery is heralded by a de-
crease in threshold for gratings of low frequency (b). Contrast threshold for high fre-
quencies may remain poor after good visual recovery (c).
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factor of importance in ethambutol toxicity is that many of the patients we
have seen have demonstrated abnormal renal function probably causing
higher than expected ethambutol levels in the plasma on standard dosage.

Returning to tobacco amblyopia and its biochemistry, before we became
aware of the sulphamino acid deficiency in these cases, it was known that
many of them showed deficiency of Vitamin B12 and responded to treatment
with Hydroxocobalamin (5, 9). This is of course explicable in view of the
known role that B12 has in the interconvertibility of the sulphamino acids,
a role which it shares with folic acid and with piridoxine. We have seen a few
folate deficient patients present with field defects identical to those seen in
tobacco amblyopia, and these patients have recovered vision when treated
with folic acid. The reported response of nutritional amblyopia in the U.S.A.
to treatment with piridoxine might have a similar basis. On one occasion a
patient who had had a bowel resection and was protein deficient, presented
with a similar field loss and recovered vision on protein supplementation.

The biochemistry of tobacco amblyopia leads us straight to the inherited
optic atrophies for Leber’s hereditary optic atrophy shares some of the same
biochemical peculiarities that are shown by patients with tobacco amblyopia.
Thus, patients with Leber’s atrophy have low red cell glutathione levels and
low levels of plasma cystine, while those patients with Leber’s atrophy who
smoke have lower than expected levels of thiocyanate in the plasma and
urine. In addition some patients with Leber’s hereditary optic atrophy re-
cover vision when treated with cystine and hydroxocobalamin. Nine out
of 22 cases treated within a month of onset of the visual loss recovered near
normal vison and recovery of vision occurred even in the presence of marked
optic atrophy.

It seems unlikely that the visual recovery in nine out of 22 cases of Leber’s
hereditary optic atrophy could occur by chance, but it is disappointing that
13 of the cases did not improve, suggesting that some other factor has still to
be identified.

As is well known the onset of the optic nerve defect in Leber’s hereditary
optic atrophy is abrupt and both eyes are usually affected within a few days
of each other. At the onset the discs are swollen and hyperaemic but as a rule
they do not leak fluorescein on angiography in contrast to the retro-bulbar
neuritis of M.S. where leakage from the discs may be seen even in those
patients presenting with retro-bulbar neuritis in the absence of papillitis. The
field defect in Leber’s atrophy is traditionally described as central, absolute
and steep-edged and indeed this is often the case. However many other
varieties of field defect may be seen including generalised depression and not
infrequently depression in the centro-caecal area similar to that seen in
tobacco amblyopia (Fig. 3). A red/green colour defect is characteristic and
often easily recorded even when the acuity is very poor. Once again contrast
sensitivity to gratings of low spatial frequency may be retained while that
for high frequency is lost.

It is of interest that patients with Leber’s atrophy treated with dietary
cystine, persistently show low cystine levels in the plasma, suggesting either
an inability to absorb cystine adequately or possibly a failure of renal tubular
reabsorption, an aspect which is currently being studied.
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Fig. 3 Static perimetry in Leber’s hereditary optic atrophy. The field defect in this case
resembles that seen in tobacco amblyopia.

It is important to differentiate Leber’s hereditary optic atrophy from the
other inherited atrophies for the prognosis varies greatly in the different types
of hereditary atrophy and of course the inheritance must be known if ade-
quate genetic counselling is to be given.

Apart from Leber’s hereditary optic atrophy the only inherited optic
atrophy seen with any frequency is dominantly inherited optic atrophy and
occasionally Wolfram’s syndrome (12) where the optic atrophy is combined
with diabetes mellites, diabetes insipidus and deafness.

The inheritance of Leber’s hereditary optic atrophy has of course some of
the hall-marks of a sex linked recessive inheritance although males never trans-
mit the disease either directly or indirectly. To make the diagnosis there must
be at least one maternally related relative. In dominant optic atrophy the in-
heritance is autosomal dominant and both males and females transmit this dis-
order. In our experience the onset of dominant optic atrophy is commonly
in the first decade of life while in Leber’s hereditary optic atrophy the second
decade is the commonest time of onset.

The acuity in dominant optic atrophy is commonly of the order of 6/36
while in Leber’s hereditary optic atrophy it tends to be much poorer in the
region of 1/60 to 3/60. In dominant atrophy there is often an irregular en-
largement of the blind spot with some depression of the centro-caecal static
profile. Unlike Leber’s hereditary optic atrophy dominant atrophy is often
characterised by a yellow/blue colour defect in contrast to the red/green
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defect associated with Leber’s atrophy. So far we have found no character-
istic biochemical abnormality in patients with dominant atrophy.

In relation to Wolfram’s syndrome we have followed three cases of this
rare condition for more than 10 years. The condition is a distressing one
which is inexorably progressive and may lead, as in one of our cases to com-
plete blindness. The clinical picture in our cases has been a progressive loss
of peripheral field and an acquired dyschromatopsia which initially has been
red/green and subsequently anarchic going on to complete achromatopsia.

Clinically, one can differentiate these three inherited optic atrophies on
the basis of their different inheritance, the degree of optic atrophy, the
colour defect and the nature of the field defect (Table 1).

In considering the differential diagnosis of these conditions not only must
toxic and nutritional causes be considered but also M.S. and chiasmal and
optic nerve compression.

Although the retro-bulbar neuritis of M.S. usually presents with a uni-
lateral central scotoma the presentation may be bilateral and the field defect
very variable. A proportion of M.S. patients present with chiasmal or retro-
chiasmal lesions with corresponding field defects which are as a rule of a
temporary nature (8).

In M.S. visual recovery may be very rapid or very slow and of course
multiple attacks of retro-bulbar neuritis are not uncommon. Uhthoff’s
phenomenon, i.e. worsening of acuity and of field on exercise is common in
M.S. and in our experience does not occur in tobacco amblyopia or in the
inherited optic atrophies. The effect can be well demonstrated in M.S. by the
ingestion of a small amount of iced water which may be rapidly followed by
improvement in vision and in field. The mechanism underlying the phenom-
enon is still not understood.

Arden claims (1) that in retro-bulbar neuritis the contrast threshold for
gratings is elevated in a bi-phasic fashion and that this test is a very sensitive
indicator of sub-clinical damage in the unaffected eye. We have confirmed
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Fig. 4. Contrast threshold to grating pattern in healed retro-bulbar neuritis. Mean threshold
is elevated for all spatial frequencies, but there is considerable overlap with normal values.

that in healed retro-bulbar neuritis the mean threshoid for contrast sensitivity
to gratings is raised for gratings of all frequencies tested, but the overlap with
the normal range is considerable (Fig. 4). Our experience has been that the
latency of the V.E.R. is a better guide to sub-clinical damage in apparently
unaffected eyes.

The other important differential diagnosis in this group of conditions is of
course optic nerve or chiasmal pressure. Chiasmal pressure may sometimes
present with what may appear to be a centro-caecal defect and often the field
defect unexpectedly crosses the mid-line. The case histories of two Doctors
illustrate fairly well the difficulties sometimes encountered in the case of
pituitary tumours.

The first was an Ophthalmologist in training who complained that his co-
student was unable to improve his acuity beyond 6/9 in the left eye. His fields
showed a depression in the para-caecal and peri-caecal area, a Farnsworth
Munsell 100 Hue test showed an elevated error score and a red/green defect
and there was a loss of contrast sensitivity to higher frequencies. The possi-
bility of multiple sclerosis was considered, but more detailed investigation of
the fields confirmed the bi-temporal nature of the loss and a pituitary tumour
confirmed by radiology and EMI scan was removed with complete recovery
of all functions.

The other Doctor complained that colour vision was defective in the
left eye. The acuity was 6/5 in the right eye and 6/6 in the left. The discs
were deeply cupped and kinetic fields showed arcuate defects. The left
eye showed a significant red/green dyschromatopsia. Oblique static per-
imetry showed depression in the Bjerrum area and in addition an upper
temporal depression. Static retinal sensitivity values showed lower values
temporal to the mid-line in each upper field. EMI scan confirmed a pituitary
tumour and again its removal was followed by excellent recovery of visual
parameters.
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One of the features of nearly all of the conditions mentioned is the great
capacity the optic nerve has to recover function, even after developing clinical
optic atrophy and sometimes after very extended periods of visual loss. When
one looks at some of the cases of Leber’s atrophy who have recovered vision
steadily over a period of two to three years one wonders what process is oc-
curring during this time, but is thankful for the innate resilience of the tissues
which is rather out of keeping with our general views on the behaviour of the
central nervous system.
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FUNDUS CONTROLLED PERIMETRY
IN OPTIC NEUROPATHY

YOII OGITA, TAKAYUKI SOTANI, KAZUTAKA KANI
& JO IMACHI

(Nishinomiya, Japan)

ABSTRACT

Fundus controlled perimetry was carried out observing the fundus by means of an infra-
red television funduscopy in cases of optic neuropathy, such as Leber’s disease, infantile
dominant optic atrophy, multiple sclerosis and optic atrophy of unknown origin, in
which six cases were treated with craniotomy. Isopters were drawn on the fundus picture
by means of static perimetry The isopters showed very complicated shape compared
with those obtained by conventional perimeters. High sensitive areas appeared at the
fovea and/or at the retina along the superior and inferior temporal retinal vessels about
5 or 15 degrees apart from the disc in the recovery period of the disease There was a
correlation between the foveal sensitivity and the visual acuity.

INTRODUCTION

In order to measure central visual fields, projection perimeter, campimeter,
multiple stimulus static perimeter or scotometric plates are commonly used.
In these perimeters, patient’s fixation is not exactly monitored, so that it
would be very difficult to take an accurate measurement of central scotomata
by conventional methods. We have developed fundus controlled perimetry
(1, 3), which enables us to monitor patient’s fundus as well as test object, so
this method is useful in evaluation of some ocular disease especially with
central scotoma. In this paper, the visual field was measured by fundus con-
trolled perimeter in seven cases of optic nerve disease, such as Leber’s disease,
infantile dominant optic atrophy, multiple sclerosis and optic atrophy of un-
known origin, in which six cases were brain surgically treated.

METHODS

Central visual fields were measured using a fundus controlled perimeter
(Fig. 1) under the following conditions: background 10asb (5.6 trolands),
white; test object, 7' in diameter, white, 200msec in duration, 1000 asb
(560 trolands) in maximal brightness with attenuation in 0.1 log unit steps.
Detailed descriptions of the fundus controlled perimeter were previously
reported (2).

Static perimetry was carried out observing the patient’s fundus on the
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Fig. 1 Fundus controlled perimeter.

television screen. The test object was exposed briefly (200 misec) and, if it was
not recognized, it was slightly moved and exposed again. This procedure was
repeated until the object was recognized. The border points between ‘seeing’
and ‘not seeing’ were connected and the isopter was drawn. This method is
tentatively called ‘static isoptometry’ (3).

RESULTS
Cuase 1. Leber’s disease

A 30-year-old male had noted firstly a central scotoma in the right eye in May
1977, and four months later in the left. He was referred to our clinic on
October 19,1977. The visual acuity was 0.04 in the right, and 0.07 in the left.
Two cousins on the mother’s side had optic atrophy and underwent the brain
surgical treatment. Right frontal craniotomy was performed on November 16,
1977. The arachnoid membrane around the optic nerves and the chiasm was
thick, turbid and adherent to the surrounding brain tissues. This membrane
was removed in order to improve the circulation of cerebrospinal fluid around
the chiasm.

Fundus perimetry five months after the surgery revealed a large central
scotoma extending from the disc to the macular area (Fig. 2 left). Three
months later the area of the central scotoma slightly diminished and light
sensitive areas were found along the superior temporal retinal vessels (Fig.

2, right).
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Fig 2. Visual field by fundus controlled perimetry in case 1, left eye. The shaded part
of the retina shows an area where the sensitivity was under 0 log unit (1000 asb). The
number indicates the retinal sensitivity by 10 times the value of log unit. Isopters were
obtained by means of static isoptometry

Case 2. Multiple sclerosis

A 19-year-old female noted loss of vision in both eyes in September 1977.
Since that time her visual acuity had fluctuated between 0.02 and 1.5 in both
eyes. She came to our clinic because of a new loss of vision in the right eye on
August 18, 1979. Her eye movements by electro-oculogram showed stair case
pattern. Hypesthesia was noted in both upper extremities. Fig. 3 shows her
visual fields measured with Goldmann perimeter (right) and fundus controlled

1979. 8. 18. V.E

RY.=10.1

Fig 3. Visual field of case 2, right eye obtained by fundus controlled perimeter (left)
and Goldmann perimeter (right) Visual field by Goldmann perimeter is drawn upside
down as against fundus picture
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perimeter (left). The scotoma detected with fundus controlled perimeter
showed a more complicated shape compared with that with Goldmann peri-
meter. On September 5, the visual acuity and the visual field became normal.

Case 3. Infantile dominant optic atrophy

An 8-year-old boy noticed visual insufficiency which was discovered upon
entering elementary school. He was referred to our clinic on June 6, 1976.
His corrected visual acuity was 0.2 in the right and 0.3p in the left. Optic
discs showed slight temporal pallor. Visual fields showed general depression.
Seventeen days after the craniotomy, the retinal sensitivity and the visual
acuity slightly improved.

Case 4. Optic atrophy

An 11-year-old girl lost her vision in the right eye in January 1978 and in the
left in December. Her vision did not improve in spite of steroid therapy. She
was admitted to our hospital on July 14, 1979. Her visual acuity was 0.08
in the right and 0.15 in the left. Within a large central scotoma with 1000 asb
object, the sensitivity remained only at the fovea. The craniotomy was per-
formed on September 12, 1979. The scotoma diminished, and in the left eye
it was divided into two parts by the 0.2 log unit sensitive area. On December
20, her vision became 0.1 in the right and 1.0 in the left. The foveal sensitivity
remarkably improved.

Case 5. Optic atrophy

A 16-year-old male with visual loss in his both eyes since February 1979 was
referred to our clinic on July 7, 1979. His visual acuity showed diurnal vari-
ation ranging from 0.2p in the morning to 0.07 in the evening. Optic discs
showed temporal pallor. A faint foveal sensitivity was found in the central
scotoma with fundus controlled perimetry. The craniotomy was performed on
July 23. The central scotoma gradually diminished and the foveal sensitivity
markedly improved coinciding with an improvement of visual acutiy, 0.9 in
the right and 0.8 in the left.

Case 6. Optic atrophy

A 50-year-old male had begun to notice visual disorder in the left eye since
January 1978. The visual acuity progressively declined. On January 7, 1980,
his visual acuity was 1.2 in the right and hand movement in the left. Steroid
treatment was not effective. The craniotomy was performed on February 4.
Three days after the operation, he felt brighter and fundus controlled peri-
metry revealed a high sensitive area along the superior temporal retinal vessels
just above the fovea. One and a half months later, a very small sensitive area
appeared adjacent to the fovea and his visual acuity became 0.2.
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Case 7. Optic atrophy

A 46-year-old male had been treated for diabetes mellitus since May 1976. He
noted the visual loss in both eyes in January 1977 and was referred to our
clinic on March 9, 1979. His visual acuity was 0.09 in the right and 0.1 in the
left. The discs were slightly atrophic. A diabetic retinopathy was not found.
The blood sugar level was 240—400mg/dl. Fundus controlled perimetry
showed a large central scotoma in both eyes. The craniotomy was performed
on June 27, 1979. Relatively high sensitive area which had existed along the
superior retinal vessels enlarged and the scotoma diminished. The foveal sensi-
tivity, however, remained lower level and the visual acuity did not improve

(Fig. 4).

DISCUSSION

Central scotomata of the optic nerve diseases were exactly detected using the
fundus controlled perimeter with high reproducibility. A large, homogenous,
round shaped scotoma obtained with Goldmann perimeter was found to have
an extremely complicated form consisting of various retinal sensitivity by
fundus controlled perimetry.

Monitoring the fundus of patients with poor fixation, we found that the
eye very frequently made saccadic movements. Generally speaking, in kinetic
perimetry, it is necessary that the test object moves on the retina with a
constant velocity. However, if the retina moves irregularly, the test object
does not move on the retina with constant velocity. Therefore, kinetic peri-
metry would not be an adequate method for measuring central scotomata.

In static perimetry, it was difficult to maintain the test object on a cer-
tain fixed point of the retina throughout the measurement in poor fixation
patient. It was, however, easy to scatter the objects around a certain retinal
locus without changing the intensity and to find out the points where the
object was recognized. This procedure, tentatively called ‘static isoptometry’
in fundus controlled perimetry would be an appropriate method for detect-
ing the exact distribution of the retinal sensitivity.

In the recovery period of optic disease, it is observed that high sensitive
areas appeared at the fovea and/or at the retina along the superior and inferior
temporal retinal vessels about 5 to 15 degrees apart from the disc, but its
significance will be remained by further investigation.

When the fovea was included in a scotoma of 0 log unit (1000 asb), even if
the scotoma was small, visual acuity was always under 0.1. The larger the
central scotoma was, the worse the visual acuity. In cases in which foveal
sensitivity was over 0.2 log unit, the visual acuity was generally over 0.2.
Fig. 5 shows the relation between foveal sensitivity and visual acuity. There
would be statistically significant correlation, when a coefficient of ranking
correlation is calculated as rs = 0.89, p < 0.01. Making a comparison between
the sensitivity of the fovea and the surrounding retina, visual acuity was good
when the fovea was more sensitive than the surrounding retina.
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Fig 5 Correlation between foveal sensitivity (abscissa) and visual acuity (ordinate).
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THE PERICOECAL AREA IN OPTIC SUB-ATROPHY

E. GANDOLFO, G. CALABRIA & M. ZINGIRIAN

(Genog, Italy)

ABSTRACT

Static exploration with ‘close single stimuli’ that we devised for the pericoecal area
examination was used for a perimetric evaluation of patients with optic sub-atrophy.
The graphic (e g. densitometric) representation of the results yields a fairly good dis-
play of the perimetric damage of this region. In turn the numerical representation of
the whole defect in this area (pericoecal formula) offers a very useful indication for the
quantitative follow-up of these cases.

INTRODUCTION

The study of the visual field pericoecal area holds great interest because of
the presence of the blind spot and threshold gradient irregularities which
are due to angioscotomata and other factors not well known (1-5). As we
have demonstrated in detail by means of an original method of static peri-
metry (5), both coecal scotoma and the above mentioned sensitivity drops
show a great variability even in normal subjects (1—5). An examination of
those patients suffering from optic sub-atrophy by our method was con-
sidered useful in evaluating the sensitivity behaviour in the pericoecal area
with reference to various optic nerve diseases.

MATERIALS AND METHODS

We tested a group of patients with optic sub-atrophy due to different optic
nerve diseases by means of our original method (5) of pericoecal static peri-
metry (105 points evenly distributed in the pericoecal area, as shown in Fig.
1). For our research we utilized a modified static equipment of the Goldmann
perimeter. We examined 20 subjects. Of them:

— 5 were affected by toxic neuropathy (due to alcohol-tobacco or occu-
pational intoxication);

— 5 were affected by optic nerve damage of a demyelinating type (multiple
sclerosis);

— 5 were affected by vascular optic sub-atrophy (as a result of either an acute
anterior optic neuropathy or a chronic angio-sclerotic optic neuropathy);
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Fig. 1. Stimuli distribution in pericoecal area.

— 5 were affected by optic sub-atrophy of an inflammatory origin (as a result
of a papillitis or optic neuritis).

Our patients’ ages ranged from 12 to 74. Only those patients expected to co-
operate during such a long and complex test were chosen. The test was carried
out after correction of refractive errors and presbyopia when present. We
used the object surfaces I and II of the Goldmann series. The results were
plotted on a special scheme utilizing a grey scale or a conventional colour
scale (Fig. 2). This type of representation was perfected with the co-operation

Fig. 2 Densitometric computed representation of the pericoecal sensitivity utilizing a
grey scale.
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of the Bioengineers of the Genoa University Institute of Electrotecnics (5).
We also calculated the overall mean sensitivity value for every patient in order
to obtain an immediate impression of the functional status of the pericoecal
visual field (pericoecal formula).

RESULTS

In general, a great varability is evident according to the severity of the func-
tional damage. Some subjects (group 1) maintain an almost normal pericoecal
sensitivity, whereas others (group 2) show a severe sensitivity fall within the
examined area.

Group 1 includes for the most part young patients affected by optic sub-
atrophy of a toxic, inflammatory or demyelinating origin. These subjects
consistently lack a central scotoma during standard kinetic perimetry and
only show moderate threshold elevation during static examination of the
central visual field (Fig. 3).

Group 2 includes older patients affected by vascular optic neuropathy or
those subjects suffering from relapsed optic nerve involvement caused by
multiple sclerosis. These subjects often have an easily detectable central
scotoma or altitudinal visual field defects (Fig. 4).

Nevertheless, a certain threshold flattening in the pericoecal area is detect-
able also in patients with minimal visual field damage.

Fig. 3. Pericoecal area showing moderate threshold elevation only.
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Fig 5. Pericoecal area showing evident threshold flattening and modest gradient ir-
regularity
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A deepening of the sensitivity drops due to angioscotomata does not take
place, but rather an increase in the threshold level occurs in the usually more
sensitive zones. It follows that we can observe a less evident threshold irregu-
larity in comparison with normal subjects (Fig. 5).

Such a situation is more evident in seriously compromised cases in which
the presence of angioscotoma or other sensitivity drops is not at all detectable.
All details disappear in a general wide threshold elevation (Fig. 6).

It can also be noted that there is often a great difference between threshold
levels above and below the blind spot. Such sensitivity behaviour is peculiar
to the cases in which optic sub-atrophy follows from an acute anterior
ischaemic optic neuropathy. This is explained by the frequent presence of
altitudinal hemianoptic visual field defects (Fig. 7).

It should also be noted that our pericoecal static method confirmed the
presence of optic nerve damage in some cases in which ophthalmoscopy had
shown optic sub-atrophy but routine visual field examinations were negative.
The comparison between the mean sensitivity value of the affected eye and
the non-affected contro-ateral eye allowed us to obtain this result.

CONCLUSION

Our static pericoecal perimetry shows precision and usefulness in evaluating
the functional status of patients suffering from optic sub-atrophy. This method
is not a routine examination to be carried out in all subjects, but it may
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Fig. 6 Pericoecal area showing the absence of detection of sensibility drops due to
angioscotomata.
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Fig. 7 Pericoecal area showing great difference between threshold levels above and
below the blind spot.

substantially increase our knowledge about optic nerve diseases especially in
hospitalized patients. Our test is useful in cases of diagnostic uncertainty
because it also allows us to discover minimal nerve damage, which can easily
escape detection during standard examinations.

The overall mean sensitivity value within the examined area provides a
reliable index in evaluating every variation during the patients’ follow-up.

The graphically computed method of representation with grey or con-
ventional colour scales allows us to obtain images easily interpreted and
immediately comparable with successive examinations.
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KINETIC PERIMETRY (IN THE PLATEAU REGION

OF THE FIELD) AS A SENSITIVE INDICATOR OF
VISUAL FATIGUE OR SATURATION-LIKE DEFECTS
IN RETROBULBAR ANOMALIES

CONSTANCE R. FITZGERALD, JAY M. ENOCH & LEONARD A. TEMME

(Gainsville, Florida, US A.)

ABSTRACT

A series of patients with radiation damage has been studied. Retinal vascular changes
shown by fluorescein angiography were accompanied by local alterations in the sus-
tained- and transient-like functions. When no retinal manifestations were found, and in
all cases where the optic nerve was involved, visual fatigue or saturation-like effects
were noted which were revealed as reductions in sensitivity in time. These could be
surprisingly subtle. Because of amplification effects, small reductions in sensitivity in
time are readily revealed in the plateau region of the central kinetic field. In every in-
stance these effects, once discovered, could be verified using flashing repeat static tests.
Comparable results were obtained in all patients tested.

Patients with malignancies in and about the visual pathways have been treated
with radiation therapy at this institution and have allowed us the opportunity
to determine radiation effects on the optic nerve posterior to the lamina
cribrosa. In localizing these effects, changes observed include a time-dependent
reduction in sensitivity, nerve fiber bundle defects, and chiasmal defects. A
patient showing these changes will be presented as an example of the group as
a whole. Patients who have received radiation are unique because of the dur-
ation required for the development of the time-dependent reduction in sensi-
tivity (17). An initial isopter may even show relatively normal function.
Often, only with repeated testing will the time-dependent lesion be shown.
The nerve fiber bundle defects which are observed are not associated with
glaucomatous cupping of the optic disc. The finding of these nerve fiber de-
fects emphasizes the point that such defects need not be pathopneumonic
of glaucoma (13, 14). It also emphasizes the point that current automated
testing which will adequately show such nerve fiber bundle defects is not
presently organized to assess the presence of time-dependent reductions in
sensitivity which would help to make the distinction between this group of
radiation patients and others with retro-laminar pathology from a glaucoma-
tous patient with a nerve fiber bundle defect.

The time-dependent changes in sensitivity are seen in the plateau portion
of the island of vision. Middle isopters are, therefore, most affected. The
effects we observe are compatible with changes of the myelin as is seen in
patients with retrobulbar optic neuritis associated with multiple sclerosis
(8, 10, 11, 12, 26). Investigators studying the effect of radiation on the
nervous system of both experimental animals and patients receiving radiation
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in and about the nervous system note that myelin dissolution related to
ischemia may be seen secondary to small vessel occlusion characteristic of
radiation therapy throughout the body (1, 18, 19, 21, 23).

Although the effect of radiation on the retina is appreciated (4, 5, 6, 7, 20,
22, 24, 25), this delineation of changes in a particular section of the optic
nerve is, to our knowledge, the first to be spelled out. In some cases, tests of
intraretinal neural connections (sustained-like and transient-like functions)
have been normal unless concomitant radiation retinopathy has been ob-
served (10). In those patients in whom radiation retinopathy is observed,
changes in the sustained-like and/or transient-like functions may also be
found.

METHODS
Kinetic testing

The patient closes his eyes for a period of 4—5 minutes which sharply reduces
the light level and eliminates form vision. This serves to enhance sensitivity
and provides a common baseline for measurement. The period with the eyes
closed is repeated before each isopter is measured. Retesting is performed to
confirm the findings.

In all patients a light adaptive response occurs shortly after opening the
eyes. This causes a modest drop in sensitivity during the first minute of
testing. Sensitivity then stabilizes. As in all measures of threshold there are
fluctuations in response.

If the ‘island of vision’ is slowly ‘sinking’, an orderly fall-off or reduction
in sensitivity is measured rather than simple fluctuant behavior about a mean.
This test works only if other sources of variance are minimized. That is,
image quality and pupil size cannot be fluctuating (e.g., the patient is pro-
vided with a maximum plus, minimum minus sphere refraction for the test
distance to sharpen the image and to stabilize accomodation), lamp output
is uniform and stable, background luminance is on the linear portion of the
Weber function, since the effects described are also dependent on background
field level.* Fixation is monitored. In summary, fluctuant behavior from
other physical and physiological causes is minimized, so that the character-
istic visual response determined in time may be evaluated (8, 10, 16).

The alteration measured in these patients is a generally reproducible time-
dependent response. In Fig. 1, where the slope is steep (towards the periphery
and in the very center of the field), small changes in sensitivity will not
greatly alter the measured kinetic isopter. Where the plateau is flat small
changes in sensitivity become amplified. Therefore if that which is described
is occurring, there should be a clear shrinkage of mid-field isopters, in time,
after a period of eye closure. Different strategies for revealing these alter-
ations in mid-plateau isopters are shown in Fig. 2.

In specific pathologies or in different parts of the field, sensitivity may

* The 31.5asb or 10 cd/m? setting of the Goldmann Haag-Streit perimeter is on the
lower bound of this response state.
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Fig. 1. Assume a cut is made through the ‘island of vision’. The central area of peak sen-
sitivity is surrounded by a relatively flat or plateau zone of the visual field. Sensitivity
again falls towards the other bounds of the field. In the normal, it is generally found that
the ‘island’ is relatively stable in time, while in post-lamina cribrosa lesions it seems to
‘sink’ in time, slowly in radiation damage cases, often faster in other conditions.

In kinetic perimetry the flatness of the plateau portion of the field amplifies small
changes in sensitivity, leading to predictable contractions of field (see Fig. 2).

reach a level which can be sustained or the process of loss of sensitivity may
continue so long as an effect can be measured.

Static techniques

Flashing Repeat Static Test (FRST). As in the case of the kinetic test, the eye
is sharply focused on the cupola with a maximum plus, minimum minus sphere
correction — only here the image quality was optimized at the point at which
the test was conducted rather than the fixation point. The patient adapted to
the cupola light level, a “pre-test’ sampling of the static threshold was deter-
mined in order to determine where to start the process after the five minute
eye closure (2, 8,9, 10, 13, 14, 26).

The test target was flashed (pulsed) for two reasons (a) in order to
distinguish a reduction in sensitivity due to the visual saturation or
fatigue-like effect considered here from local adaptation defects (8, 26),
(b) to force patient re-evaluation of threshold with each audible opening
of the shutter. Flash duration is longer than the critical duration and shorter
than saccadic eye movement latency (ca. 200 msec once or twice per sec-
ond). A small size target is used when possible. Testing is from not seeing
to just seeing so that the luminance of the test target does not alter light
adaptation level. Lowering background cupola level often prevents reduc-
tion in sensitivity in time and raising the level generally enhances it (8, 11,
15, 26).

When the patient opens his eyes after the five minute closure, he is in-
structed to look at fixation but attend the test point. Wandering fixation is
a cause of variance. Normally just after eye closure there is a modest drop in
sensitivity due to light adaptation; if there is an initial increase in sensitivity
it usually means the patient did not remember where to expect the stimulus
to appear. After an initial minute of light adaptation, in the normal eye the
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Fig 2. When conducting kinetic perimetry in this group of patients, various techniques
were used to show the time-dependent reductions in sensitivity:

Al. A continuous isopter may be determined. A determination is made in a given
meridian, then the meridian is altered in an orderly clockwise or counter-clockwise man-
ner circling of the fixation point. This results in a helical contraction of field. A2. On
some occasions an arc of an isopter can be tested again and again. A3. A variant of A2 is
to go back and forth sequentially, in the same arc or portion of the visual field.

B. The same technique as that used in A was used, but three or four sequential deter-
minations are made in each meridian before altering meridian (see patient reported be-
low). This was useful when considering the relative rates of fall-off in sensitivity in differ-
ent meridians.

C. In a given arc showing a reduction in kinetic field sensitivity in time there is often
a tendency for the field to contract with repeated kinetic ‘passes’ and then to firm-up or
harden. A modest number of repeated passes were made in a given meridian until the re-
sponse showed signs of ‘firming-up’. Then the neighbouring meridian was tested. A half-
tone pattern may be used to characterize the zone of time-varying response.

static (flashing) threshold usually steadies and the mean response varies little
over the five minute period of repeated re-evaluation of the threshold.

An inherent characteristic of threshold determinations is that they fluc-
tuate. The interest here is not in the fluctuations per se, but rather mean
sensitivity reductions during the five minute period of repeated threshold
evaluation in patients with radiation damage. Changes may be small after
radiation, i.e., reductions in sensitivity of only a few tenths of a log unit are
noted. In other involvements of the post-lamina cribrosa visual pathway a
more profound fall-off in sensitivity has often been found (references, this
laboratory).

Techniques for obtaining sustained-like and transient-like functions are de-
scribed elsewhere (10, 13, 14). These tests sample spatial interactions between
the flashing test target (same as used in the FRST) and special background
fields. The sustained-like function is altered in the presence of pathology
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affecting both the inner and outer plexiform layers while the tiansient-like
function is affected by anomalies affecting the inner plexiform layer. Each
function apparently may be affected independently.

RESULTS

A 26-year-old male patient was treated with radiation therapy for carci-
noma of the nasopharynx. A 6500rad tumour dose using opposed lateral
and anterior fields from a Cobalt 60 source was used. The patient has been
without visual complaints following radiation therapy. His first ophthal-
mology examination by us was conducted six years after his treatment.
At that examination, visual acuity was 20/20 in each eye, applanation press-
ures were 16 and 14 mm Hg. Pupils were 3mm in each eye with normal
reactions. Normal motility, full confrontation fields and normal biomi-
croscopy were recorded. On ophthalmoscopic examination, vessels showed
normal caliber with small microaneurysms surrounding the perifoveal avas-
cular zone in each eye. Discs showed no glaucomatous cupping. Fluorescein
angiography was performed and showed perifoveal microaneurysms with
leakage. In addition, the capillaries of each disc appeared somewhat larger
than usual.

Central visual fields of patient J.W. are presented (Figs. 3A and 3B). All
points tested, with repeated sampling on individual isopters, showed a shrink-
age of the field on both sides of the vertical meridian. A bitemporal differ-
ence in the two fields suggesting chiasmal involvement was also noted. To
affirm that this did not represent an artifact of the testing approach, after
periods of rest with eyes closed, the patient was tested at selected individual
points on both sides of the vertical meridian in the left eye and near the
horizontal meridian (Fig. 4). By testing these individual paired points near
transitions and sampling back and forth, the real nature of the anomaly was
shown. This anomaly included an alteration of the vertical meridian as well
as a step on the horizontal meridian. This patient, therefore, showed changes
characteristic of a chiasmal defect, as well as a nerve fiber bundie defect. A
similar nerve fiber defect was also shown in the right eye (Figs. 3A, 5). Fig.
5 is a blow-up of the isopter on Fig. 3A and shows points where supplemental
testing was conducted. At all points sampled, the flashing repeat static test
(FRST) was abnormal. Sample data from both eyes are shown (Fig. 6). Points
where both the sustained- and transient-like functions are normal in the right
eye are especially notable because certain points involve the field area where a
nerve fiber bundle defect is present. At other points, there was a reduction
of the transientike function. For example compare OD points 11 and 4. The
transient-like function was normal at point 11 but essentially extinguished at
point 4 (Fig. 7). This patient showed psychophysical changes compatible with
retinal and optic nerve radiation damage.

It is of interest that a patient with Cushing’s disease tested in a comparable
way showed similar abnormality in the FRST and characteristic chiasmal
defects. Those data are not included, because of manuscript length consider-
ations.
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Fig. 4. Patient J.W.: Repetition of key points after eye closure to establish further the
differences revealed in Fig. 3B in the vertical meridian and the nerve fiber bundle defect
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Fig. 5. Magnified representation of the bounds of the isopter shown in Fig. 3A. Overlaid
are numbers indicating points where added tests were conducted. The flashing repeat
static test (FRST) was abnormal at all points tested, more so at 3, 11 and 13 than at 4
and 12. The sustained- (disc shaped symbol) and transient-like (asterisk shaped symbol)
functions were normal at points 2, 10 and 11. At test points 1, 3, 4 and 5 the transient-
like function was essentially eliminated and at points 6—9 it was meaningfully reduced.
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the 135° half-meridian, and 4° eccentricity on the 225° half meridian) the FRST was
more severely affected. The abscissa is a measure of time in minutes after the eyes were
opened following a 5 minute eye closure. Thresholds were determined from non-seeing
to just-seeing. A Goldmann 0 target was used.
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Fig. 7. Patient J.W., right eye: Sustained- and transient-like functions at two test points
are shown. At 4° eccentricity on the 315° half-meridian (point 11, Figs. 5, 6) both func-
tions were normal. It is obvious that at 4° eccentricity on the 225° half-meridian (point
4, Figs. 5, 6) the transient-like function is abnormal (i.e., its magnitude approaches zero).
This point corresponds to an area where microvascular changes are visible on the fluor-
escein angiogram.

The ordinate is a measure of luminance of the background field needed to just bring
the flashing test target to threshold (both tests). In the case of the transient-like function,
the upper point corresponds to the non-rotating windmill background condition, and the
arrow points to the measurement made when the windmill was rotated. For the sus-
tained-like function the abscissa is a measure of background field diameter. The windmiil
target had four vanes covering 50% of the background field.

DISCUSSION

It has been our assumption that small vessels serving the post-lamina cribrosa
optic nerve or optic pathways become occluded with resulting ischemia
leading to damage to the myelin and subsequent optic atrophy in patients
who have received radiation therapy in and about the visual pathways. In
these evaluations we measure response of still surviving cells. The time-depen-
dent reduction in sensitivity seen in radiation patients is similar to that seen
in many cases of retrobulbar optic neuritis as may be seen in multiple sclerosis
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(8, 10, 11, 12, 14, 26). In many cases these changes in the FRST are accom-
panied by alterations characteristic of nerve fiber bundle defects and chiasmal
type lesions. Such changes may be present with or without alterations in the
sustained-like and transient-like function depending on whether or not
small vessel changes are present in the retina.

In the patient presented, retinal effects manifested as alterations of the
transient-like function (Fig. 5). In others, the sustained-like function was
affected, or a combination of both functions (17). It is not clear as yet why
one or the other function is more susceptible in individual cases. This is an
issue which must be pursued in future studies.

Patients with glaucoma tested carefully for time-dependent reduction in
sensitivity show none although they do have changes in the sustained- and
transient-like function in the region of nerve fiber bundle defects (16). A
patient such as the one presented shows the presence of radiation damage
both to the optic nerve posterior to the lamina cribrosa and changes that
are based in the neural retina itself as demonstrated here by the alteration
in transient-like funetion (10). Although additional patients are being studied
using this technique, our limited sample represented by the case presented
suggests that the time-dependent reduction in sensitivity, especially com-
bined with nerve fiber bundle defects and chiasmal defects, places the lesion
in the axon of the ganglion cell posterior to the lamina cribrosa. This means
that nerve fiber bundle defects are not necessarily pathopneumonic of glau-
coma. It also suggests that automated perimetric routines should include a
way of testing for time-based reductions in sensitivity.
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ABSTRACT

Luminance thresholds for detection (static profile perimetry) and resolution (acuity
profile perimetry) were determined across the central visual field of 12 patients with
optic neuritis. Loss and recovery of detection and resolution properties were generally
equivalent with respect to their magnitude and time course. In one particularly interest-
ing case of prolonged recovery, detection properties began to improve slightly before any
enhancement of resolution properties were noted. Beyond this initial state of recovery,
both functions again showed parallel improvements with time. These data are consistent
with previous results for other types of optic nerve dysfunction. In contrast, many
other visual disorders (e.g. cataracts, amblyopia, retinal diseases) typically display a large
dissociation between detection and resolution properties, with resolution exhibiting
greater loss (and in some instances, greater recovery) than detection. Our findings suggest
that the combination of static and acuity profile perimetry may become a valuable
differential diagnostic technique for optic nerve disease. A preliminary working hypoth-
esis is proposed to account for the present results.

INTRODUCTION

Acuity profile perimetry is a method of clinically evaluating resolution prop-
erties on a point-by-point basis across the central visual field. This technique
was developed for the Tiibinger perimeter by Aulhorn and colleagues (1, 2)
and has subsequently been examined by other investigators (3, 4, 7). In com-
bination, static and acuity profile perimetry can provide valuable information
about the relationship between detection and resolution characteristics at
various locations in the visual field.

We have recently performed static and acuity profile perimetry in the
central visual field (30° radius) of normal observers (4), patients with catar-
acts, amblyopia, retinal disease or optic nerve dysfunction, and individuals
suspected of malingering (5, 6). These preliminary findings indicate that for
visual disorders other than optic nerve disease, resolution sensitivity is more
affected than detection sensitivity. Also, the loss and recovery of detection
and resolution properties can sometimes be relatively independent. In con-
trast, most patients with optic nerve dysfunction exhibit approximately
equivalent amounts of loss and recovery for detection and resolution sensi-
tivity. These results suggest that static and acuity profile perimetry may be
useful as differential diagnostic tests for optic nerve disease.
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This paper specifically describes our findings in patients with optic neuritis
(6 with idiopathic optic neuritis and 6 with optic neuritis associated with
multiple sclerosis). This disease follows a systematic course of loss and re-
covery of visual function, and thus represents an appropriate type of optic
nerve dysfunction to study alterations in detection and resolution properties.
A vparticularly interesting example of a patient (optic neuritis associated with
multiple sclerosis) with prolonged recovery of detection and resolution prop-
erties is presented.

METHODS

Thorough descriptions of the principles and techniques of static and acuity
profile perimetry have been provided in previous publications (2, 4, 5). The
procedure basically consists of luminance thresholds for detection (static
perimetry) and resolution (acuity profile perimetry) using the circle and
square target pairs on the Tilbinger perimeter. At each visual field location,
detection sensitivity is measured for circular targets by an ascending method
of limits according to the standard procedures of static perimetry. Resolution
sensitivity is determined by presenting a random sequence of circle and
square stimuli belonging to a specific target pair. The minimum threshold for
reliably distinguishing between the circle and square targets is defined by
varying the stimulus luminance according to a staircase procedure. Sensitivity
profiles for static and acuity perimetry are generated by performing these
determinations at successive visual field locations.

For each pair, the basis for distinguishing between the circle and square
targets is defined by the distance between the outer edges of the circle and
the corners of the square. This distance equals 0.15 times the diameter of
the circle, and represents the minimum angle of resolution. For example, a
10" diameter circle will have a 1.5" minimum angle of resolution for the circle-
square target pair, thereby corresponding to a Snellen visual acuity of 20/30
(see Johnson et. al. (4) for a further description). Previous studies have shown
that the circle-square target pairs produce results similar to those obtained
with other types of acuity targets (2, 5).

Twelve patients with unilateral optic neuritis were evaluated. Six of the
patients (ages 28 to 68) had optic neuritis associated with multiple sclerosis
and six patients (ages 18 to 66) exhibited an idiopathic optic neuritis. Static
and acuity profile perimetry was performed with three stimulus pairs, con-
sisting of the 10" (20/30 acuity), 26’ (20/80 acuity) and 66’ (20/200 acuity)
diameter targets.

RESULTS

Fig. 1 presents static and acuity sensitivity profiles for the 10 (20/30 acuity),
26’ (20/80 acuity) and 66 (20/200 acuity) diameter targets in the right eye
of a normal observer. The results were obtained for the horizontal meridian,
although profiles along other meridians exhibit similar results. Note that the
static profile is only modestly affected by target size, becoming somewhat
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Fig. 1. Static (filled circles) and acuity (open squares) profiles obtained for the 10’
(20/30 acuity), 26’ (20/80 acuity) and 66’ (20/200 acuity) targets in the right eye of a
normal observer.

flatter with larger stimuli. On the other hand, the acuity profile is very steep
for small targets and broadens out considerably for larger stimuli. The
relationships for static and acuity profile sensitivity in normal eyes may be
used as a basis for comparison with the results in optic neuritis.

Twelve patients with unilateral optic neuritis were evaluated with static
and acuity profile perimetry. No differences were found between the patients
with idiopathic optic neuritis and patients with optic neuritis associated with
multiple sclerosis. In general, the recovery of detection and resolution prop-
erties was approximately equal in each of these patients. In one or two
instances, recovery of detection sensitivity slightly preceded resolution sensi-
tivity for the smallest targets. Some of the patients recovered so rapidly that
it was not possible for us to document many intermediate stages of improve-
ment. A particularly interesting example in which we were able to obtain
data for various stages of recovery is presented below.

A 30 year old female patient was seen on June 24, 1977, with a 10—12
day history of film over her right eye and pain with motion of the eye.
Examination at that time revealed a best corrected visual acuity of 20/15 OU
with color desaturation in the right eye. Visual fields, fundus exam, pupillary
response, skull x-rays and laboratory evaluation were essentially normal and
no other neurologic symptoms were present.

The patient did well without recurrence of symptoms until December 13,
1977, when she was seen with a one week history of rightsided headaches
behind her right eye with pain on right gaze. Two to three days following the
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onset of pain, a film again developed over her right eye. She denied all other
neurologic symptoms. Her best corrected visual acuity was 20/50 OD, 20/15
08, with definite loss of color vision in the right eye. Visual fields showed a
dense inferior altitudinal defect in the right eye. There was a 2+ Marcus
Gunn pupil in the right eye. Fundus exam showed very mild temporal pallor
of the right optic disc.

On December 20, 1977, best corrected visual acutiy was 20/20 —2 0D,
20/15 0OS. Color vision was still decreased in the right eye. Visual fields were
unchanged and there was a 2+ Marcus Gunn pupil in the right eye with mild
temporal pallor noted in the right optic disc.

On January 3, 1978, best corrected visual acuity was 20/20 OD, 20/15 OS.
Color vision showed mild desaturation in the right eye. Pupil exam revealed
a trace Marcus Gunn pupil in the right eye. Fundus exam showed mild tem-
poral pallor as noted previously.

The last recorded visual acuity in the patient on January 18, 1978, was
20/15 —1 OD and 20/15 OS. A visual evoked potential on that date showed
a prolonged latency in the right eye with normal values in the left eye, despite
the recovery of visual acuity in the right eye. Skull and optic foramen films
and sinus x-rays were normal. CBC, sed rate, Serology and ANA were all
normal. Two-hour postprandial blood sugar was normal. The patient was felt
to probably have multiple sclerosis with two attacks of retrobulbar neuritis,
one mild attack in June, 1977, with a more severe attack but with almost
complete recovery in December, 1977.

Fig. 2 presents static and acuity sensitivity profiles for the 10" (20/30
acuity) diameter target for this young female patient with optlc neuritis in
the right eye. Testing was performed along the vertical (90°—270°) meridian
over a period of approximately five weeks. Similar evaluations for the left
eye were normal throughout the five week period, and are not presented for
the sake of brevity.

On her initial visit (Fig. 2a), the static profile for the right gye revealed a
dense inferior paracentral scotoma between fixation and 20° eccentricity,
whereas no acuity profile was able to be plotted. Fig. 2b, ¢ and d display the
static and acuity profiles for the 10’ (20/30 acuity) target on successive visits.
Note that there is a progressive improvement up to nearly normal levels, and
that both static and acuity profiles appear to recover at approximately the
same rate. However, the steep profile of the acuity data for the 10" (20/30
acuity) target is only able to provide information about the recovery of visual
function within the central 3° radius of the visual field. A larger target (66’
diameter, 20/200 acuity) was therefore used to evaluate the relationship
between detection and resolution sensitivity for paracentral regions of the
visual field.

Static and acuity profiles for the 66’ (20/200 acuity) target are presented
in Fig. 3a—e for five successive testing sessions. The recovery of detection
and resolution properties near fixation again appear to be approximately
equivalent. However, beyond 10° eccentricity in the inferior visual field, the
results suggest that detection properties (static profile) began to improve
slightly before resolution properties (acuity profile) began to recover. Beyond
this initial recovery lead by detection properties, the rate of improvement
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(@), (b), (c), (d) and (e) display the results for various stages of the recovery process.

again appears to be about the same for both visual functions. The results from
the final visit (Fig. 3e) indicate nearly normal values for both static and acuity
profiles. Results for the 26’ (20/80 acuity) target were consistent with the

findings for the other targets and are not shown for the sake of brevity.

Our present findings indicate that the loss and recovery of detection and
resolution properties in optic neuritis are similar to that of other optic nerve
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disorders, since both visual functions seem to be affected by an equivalent
amount (5). Some of the patients with optic neuritis exhibited a rapid re-
covery that did not allow us to sequentially evaluate the relationship between
detection and resolution sensitivity at various stages of improvement. In the
one example for which this type of documentation was possible, most of the
results showed a parallel rate of improvement for detection and resolution
properties. In one portion of the inferior paracentral visual field, it appeared
that detection sensitivity began to recover slightly before improvements in
resolution sensitivity. Beyond this initial stage, the recovery process was
essentially parallel for both functions. In general, optic nerve disorders affect
both detection and resolution properties equally (5).

In contrast to the findings for optic nerve disease, previous studies have
shown that most patients with cataracts, amblyopia or retinal disorders
exhibit a much greater deficit for resolution sensitivity than for detection
sensitivity (5, 6). Also, the recovery of detection and resolution properties in
retinal disorders can sometimes be relatively independent and show a sub-
stantial dissociation between detection and resolution sensitivity.

The results of static and acuity profile perimetry in various patient popu-
lations may be interpreted in terms of signal processing and signal transmission
characteristics of the visual system. Since the optic nerve is responsible for
conveying information from the retina to higher centers, disorders of this
portion of the visual pathways will primarily alter signal transmission. Thus,
both detection and resolution information will be affected by approximately
equivalent amounts. On the other hand disorders such as amblyopia and
retinal disease will exert a major influence on signal processing, which will
produce greater deficits for resolution properties than for detection prop-
erties. Degraded retinal images (produced by cataracts or other opacities of
the ocular media) will also affect resolution properties to a greater extent
than detection properties.

The above analysis in terms of signal transmission vs. signal processing
losses of the visual pathways provides a parsimonious interpretation of our
clinical findings for static and acuity profile perimetry. In addition, it suggests
that this technique may be a useful differential diagnostic tool, particularly
with regard to optic nerve disorders.
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H.STANLEY THOMPSON

(Towa City, Iowa, U.S A.)

The relative afferent pupillary defect (RAPD) is the most commonly used
clinical indicator of optic nerve function. The size of the pupillary defect can
be measured by dimming the stimulus to the good eye by known amounts
until the two eyes are balanced and no relative afferent pupil defect (RAPD)
can be seen. This can be done clinically by holding a neutral density filter
over the better eye and doing the swinging light test. The density of the filter
needed to abolish the RAPD is recorded, in log units, as a measure of the
relative afferent pupillary defect. Patients with unilateral loss of visual field
were studied and the amount of RAPD was correlated with the amount of
field loss as measured according to Trost et al (Arch. Ophthalmol. 97: 2175,
1979). The pupillary defect showed a better correlation with visual field loss
than with visual acuity.

The details will be published in: Trans. Am. Ophthalmol. Soc., 1980.
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EGILL HANSEN

(Oslo, Norway)

ABSTRACT

Hereditary dominant optic atrophy occurred in 5 patients from two families. In the first
family a tritan colour defect was manifested with normal red-green matches in the
anomaloscope. In family 2 a tritan defect was recorded together with a red-green defect
of deuteranopic type. In this family deuteranomalous colour defects occurred in other-
wise healthy members. The affected patients in family 2 had functioning blue sensitive
receptors, though at a reduced level, as found by examination of increment thresholds
against a yellow background. Static and kinetic perimetry performed under the same
conditions showed great variability in the sensitivity of the blue mechanism in the visual
field.

INTRODUCTION

Colour vision defects are of particular interest in the hereditary dominant
optic atrophies serving here as a diagnostic criterion. In many cases showing
only a slight impairment of visual acuity and reading capacity there may be
significant colour defects. Most characteristically a tritan dyschromatopsia
is found in this type of optic atrophy (4, 8, 11) although red-green deficiencies
have also been described (2, 3, 13, 15). I report here findings in two types of
patients with dominant optic atrophy where consideration is given to evaluate
separate receptor mechanisms. It is of particular interest to see if the blue
receptor mechanism can be identified in those patients with dominant optic
atrophy and to what extent this type of receptor response can be measured
in the visual field.

MATERIAL

Dominant optic atrophy was diagnosed in 4 patients and was highly suspected in one
patient (case 2). The patients belonged to two families whose pedigrees are shown in
Fig. 1. In family 1 comprising cases 1, 2 and 3 other affected persons were not known.
In family 2 other members also had been examined. Those indicated by N have been
found normal. Two males have been found deuteranomalous and have been indicated
by DA. Another one, indicated by RG, was known to have a colour vision defect.

Case 1. A male, 16 years of age at the first examination had been partially sighted from
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Fig 1 Pedigrees of family 1 (left) and family 2 (right). N = normal, DA = deuteranom-
alous. RG = red-green defective, not examined. The cases of dominant optic atrophy are
indicated by black.

childhood. Discrimination between blue and green had always been difficult. His visual
acuity was 5/25 on the right eye and 5/20 on the left eye, emmetropic. Reading vision
was good (Schigtz 0.4 m). Normal pupillary reflexes were found. Ophthalmoscopy re-
vealed a moderate pallor of the temporal discs. Dark adaptation was normal.

Case 2 A female, 50 years of age, is the mother of case 1. Routine examination revealed
no abnormality except for the colour vision. Normal optic discs were found, and visual
acuity was 6/6 on each eye.

Case 3 A female, 43 years of age, is the sister of case 2. This patient was examined at
another eye department. She had always been partially sighted. A visual acuity of 6/12
was found on each eye. Some pallor of the optic discs was recorded.

Case 4. A male, had noticed deficient colour vision from early childhood when he was
unable to distinguish between blue and green coloured toys. On admission to the hospital
at the age of 8 years, his visual acuity was 5/50 on each eye. During 10 years of obser-
vation his visual acuity was unchanged. Reading vision was good. The optic discs were
pale in the temporal parts. A datk adaptation record was normal.

Case 5. A female, 35 years at the first examination, is the mother of case 4. She had been
partially sighted from about 10—15 years of age. She easily confused blue and green
coloured clothes. No progression had been observed during a 10 year observation. Pallor
of the optic discs was recorded from the first examination. Visual acuity was 6/30 on
the right eye and 6/60 on the left eye. The dark adaptation course was normal.

METHODS

Colour vision examinations were carried out with the following tests: the Ishihara
pseudo-isochromatic charts (11th ed.), the AO-HRR test, the Farnsworth’s tritan chart
(F-II), the Farnsworth’s D-15 test and the Farnsworth-Munsell 100 Hue test, the tissue
paper contrast charts of the Velhagen-Stilling test (21st ed.) and the Cohn’s test (1905)
besides a series of tissue paper contrast charts having been described earlier (6). The
pigmentary tests were administered under two Macbeth Illuminant C lamps (about
3001ux). Anomaloscopic examinations were performed with a Nagel anomaloscope type
1. Perimetric examination was performed in the usual way with a Goldmann perimeter.
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Additional examinations of increment threshold against coloured backgrounds were per-
formed in a modified Goldmann perimeter as has been described earlier (5, 7).

RESULTS
Colour vision

The Ishihara test and the Farnsworth’s tritan chart were correctly read by
case 1. Two screening charts for blue-yellow defects and for red-green defects
were questionable by the AO-HRR test. With the F D-15 test he had some

With the 100 Hue test he had 148 error scores predominantly about the red
and in the blue-green part (Fig. 3). He had precise settings within the normal
range by the anomaloscopic test (41—43.5/16). In case 2 normal readings
were recorded on the Ishihara test, the AO-HRR test and the F-II test. She
failed the tissue paper contrast charts with blue and green backgrounds. With
the 100 Hue test she had 106 error scores, predominantly in the red and blue-
green part (Fig. 3). The anomaloscope settings were normal (40—42.5/16).
Case 3 was reportedly unable to read the Ishihara test. She performed the
F D-15 test with a tritan-like confusion pattern (Fig. 2).

In case 4 only a few figures could be seen on the Ishihara and the AO-HRR
test, and no squares could be seen on the F-II chart. He failed a series of
tissue paper contrast charts. On the F D-15 test he showed confusions of
tritan type (Fig. 2) while a more irregular pattern was shown with the 100
Hue test (Fig. 3). His total error score was 354. His anomaloscope settings
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Fig. 2. The Farnsworth’s D-15 test as performed by cases 3,4 and 5.
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Fig. 3. 100 Hue test performed by cases 1, 2 and 4.

were of deuteranopic type (the yellow value matching the green was 18.5—24
and that of the red 9—11). Case 5 failed the greater part of the Ishihara and
the AO-HRR test charts as well as the Farnsworth’s tritan chart. She passed
none of the tissue paper contrast charts. The F D-15 test revealed an irregular
tritan pattern (Fig. 2). The 100 Hue test was performed with great uncertainty
giving a high error score (1003) with an irregular pattern. In the anomalo-
scope her settings were of deuteranopic type, red being matched with the
yellow value 14—15 and green with yellow at 21.5—24.

Spectral sensitivity in white and coloured lights

Spectral sensitivity registered in the standard white illumination (case 1) was
depressed, particularly in the short wave range (Fig. 4). Distinctly different
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Fig. 4. Relative spectral sensitivity obtained by moderately narrow-banded interference
filters in case 1 against a white background, 31.5asb (W) and against a yellow back-
ground of high intensity, Wratten 22, 2900 lux (Y) and of greatly reduced intensity (Y").
Angular size of target 54'. Shaded areas indicate the normal variation (mean + 2 SD).
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response patterns were obtained with blue and purple backgrounds thus indi-
cating red and green receptor activity, though at a reduced level. This is con-

sistent with his normal anomaloscope matches. However, response to blue-
violet stimuli in the yellow illumination indicating blue receptor activity
could not be shown (Fig. 4).

In cases 4 and 5 no red and green mechanisms could be distinguished by
selective chromatic adaptation, but only an unspecific response in the mid-

£ +h + Thic findi tant with th
Wwave 1ange o1 uie specirum. iiis Iindinig is consistent with their deuteranopic=

like anomaloscope matches. On the other hand these patients could see the
short-wave stimuli during adaptation to yellow light, their spectral sensitivity
curves being consistent with a functioning blue receptor mechanism, though
at a reduced level (Fig. 6).

Perimetric examinations

All patients had normal visual field limits by kinetic perimetry, even with the
smallest isopters. Relative centro-coecal scotomas were demonstrated by
kinetic perimetry (object size 1/4 mm?, 0.1 relative intensity) in cases 4 and
5. However, the gratings of the Amsler’s charts could be seen by both patients
although case 4 did not see the upper temporal corners of the charts. Static
perimetry demonstrated a low central threshold sensitivity, except for a high
sensitivity at the fixation point of case 1. Case 5 had a clear reduction of
threshold sensitivity paracentrally on the temporal side (Fig. 5).

Using a blue-violet target in the yellow illuminated sphere static perimetry
curves were obtained showing the response of the blue mechanism (Fig. 7).
In case 5 there was a significant loss of sensitivity on the temporal side, which
was shown as a centro-coecal scotoma by the kinetic perimetry registration

T T T T T

Log.rel sensitivity

i Il 1 I L
40° 20° 0° 20° 40° 60°
Nasal Temporal

Fig. 5. Static perimetry recorded in 3 patients under standard illumination (31.5 asb).
Object size II (13’ angular size). ¢ = case 1, 0 = case 4, ® = case 5. Shaded area indicates
the normal variation (mean = 2 SD).
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Fig. 6 Spectral sensitivity in yellow background light (low pressure Na-lamp at A =
589 nm, 500 lux) registered in case 4 at 5° temporal position () and in case 5 at 5° nasal
position (e). Open circles indicate the performance of a normal person at 5° eccentricity
under the same conditions. Angular size of target 1°47'. The curves indicate the blue
primary (17).

under the same conditions. The highest sensitivity of her blue receptors was
indicated by the faint isopter showing an isolated nasal area suggesting an
hemianopic border to the less sensitive area in the temporal half.

DISCUSSION

A tritan type of dyschromatopsia was a characteristic finding in all our
patients though not particularly pronounced. In cases 1 and 4 confusions of
green and blue was the first symptom observed, while a reduction of visual
acuity was registered at a later stage. Case 1, in accordance with the classical
description of dominant optic atrophy, had only a tritan defect and normal
ability in discriminating red and green. In this case no blue sensitive mech-
anism could be traced as was expected, but this does not prove the absence
of blue sensitive receptors. A completely different type of colour defect
was found in the two cases of family 2 where a strong red-green colour de-
fect was found besides the tritan defect. In these cases a characteristic re-
sponse pattern of a blue receptor mechanism could be shown, though at a
reduced level. As shown with the specific quantitative perimetry its sensitivity
was manifested differently in the visual field.

In spite of the presence of the blue receptor mechanism there is a con-
fusion of colours in the blue-green part of the spectrum. This could be due to
abnormalities of the nerves as suggested by Alpern (1) reporting a completely
colour blind subject with recessive optic atrophy in whom cone visual pig-
ments were demonstrated in the fovea by densitometer analysis. I.e., there
is a defect which is chiefly concerned with the visual channels rather than
with the retinal pigments. This is supported also in the case of dominant optic
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Fig 7. Static perimetry against yellow background (low pressure Na-lamp, A = 589 nm,
500 tux) registered in case 4 (v) and case 5 (). The performance of a normal person (43
years of age) is also indicated (o). A blue-violet target (Apmax = 439 nm) subtending 1°47"
angular diameter is used. For case 5 the kinetic perimetry record obtained under the
same conditions is shown. The threshold value of the greater isopter is 5.37 uW/cm? and
that of the smaller 0.49 uW/cm?.

atrophy by the findings of a primary degeneration of the retinal ganglion cells
together with loss of myelin and nerve tissue within the optic nerves, as re-
ported by Johnston et al. (10).

In these cases having a strong red-green defect it might be, that the
presence of blue receptors is not accidental. A relatively good function
in the blue region of the spectrum was reported by Kok-van Alphen (13),
Aulhomn and Griitzner (3) and Voélker-Dieben ef al. (16) in their cases where
red-green defects were predominant. Occurrence of deuteranopia in dominant
optic atrophy has been reported (2, 9) as well as protanopia (3). In some
pedigrees tritan defects could even be seen very infrequently (16).

Characteristically all our patients had a mild degree of visual impairment.
This was the case in the patients with the deuteranopic type of defect also.
Slightly affected cases of dominant optic atrophy could easily be confused
with the congenital tritan defect as was pointed out by Krill ez al. (14).
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Cases 1 and 2 were obviously in this category with their slight affection and
normal red-green discrimination.

A peculiar wryness of sensitivity which was most reduced in the temporal

paracentral part of the visual field is in concordance with other reports (3,
12). This was found by static perimetry and also by kinetic perimetry using
small and weak object lights, but was especially evident by the specific per-
imetry isolating the blue receptor function.

10.
11.
12.
13.
14.

15.

16.

17.
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RESIDUAL FIELD CHANGES IN PATIENTS

WITH IDIOPATHIC CENTRAL SEROUS RETINOPATHY

V.E.NATSIKOS, J. C. DEAN HART & E: R. RAISTRICK

(Bristol, Great Britain)

ABSTRACT

Although the merits of Amsler charting as a test for documenting the nature of central
field changes in patlents with acute central serous retinopathy are recognised, the value
of this technique in detecting defects in retinal function after the oedema fluid has
absorbed is less well established. It has been reported that static perimetry investigations,
however, continue to reveal abnormal profiles in a high proportion of patients with a
resolved retinopathy. In order to determine which of the two methods of investigation
produced more information about the residual defects in central retinal function in
such cases, static perimetric and Amsler chart testing were performed on 27 patients
between 6 months and 5 years after they developed the disease, the condition having
been diagnosed in the acute phase by fluorographic and biomicroscopic examination.
63% of cases retained abnormal static profiles, but 81% recorded defects on Amsler
charting. The incidence of retinal changes was noted to be greater in patients where the
oedema fluid resolved slowly. Needle shaped scotomata were most apparent on static
perimetry testing if the meridian studied corresponded to that intersecting the site at
which a focal breakdown of the choroido-retinal barrier had developed and the fovea.

INTRODUCTION

Although visual field changes can readily be detected in patients during the
acute phase of idiopathic central serous retinopathy, the incidence of residual
field changes found by various workers after the oedema fluid has absorbed
has ranged from 10% to 100%. Investigators employing standard kinetic
perimetric techniques have reported scotomatous defects close to fixation in
27% of patients with resolved central serous retinopathy (6), 50% (7) and
10% (4). Hache et al. (2), who examined such patients by static perimetry,
noted abnormal profiles in all of the cases tested, but none of these with a
satisfactory recovery of visual acuity plotted defects on the Amsler grid in the
residual phase of the disease process, whereas distortions on the Amsler grid
were recorded by 89% of cases assessed by Klein ef al. (3).

Since the relative merits of static perimetry and Amsler charting remain
unclear in evaluating any residual impairment of visual function in the central
zone after the neural layers of the retina have become reapposed to the pig-
ment epithelium in cases of resolved idiopathic central serous retinopathy,
a study was initiated in an attempt to clarify this question.
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METHODS

Patients who attended the University Department of Ophthalmology, in the
age group 20-—-50 years, with clear evidence of idiopathic central serous
retinopathy, which was confirmed by biomicroscopic and fluorescein angio-
graphic studies during the acute phase and who were re-examined regularly
until the oedema fluid resolved, were recalled for static perimetric and Amsler
charting studies at intervals ranging from 6 months to 5 years after the onset
of their symptoms. No patient who was thought to have developed a recur-
rence of a serous maculopathy during this period, or who had evidence of an
additional ocular or systemic disease process, was included in this study.

Amsler charting and static perimetry was carried out, using standard
methods, and for the latter test a Goldmann perimeter model 940 was used.
Two axes were plotted in the static perimetric studies, one along the 180°—0°
meridian and the other selected by determining the axis joining the site of the
focal breakdown of the choroido-retinal barrier noted on fluorescein angio-
graphy in the acute phase, to the fovea. This was determined by examining
enlarged prints of fluorescein angiograms (Fig. 1) and the plot performed
on the nearest corresponding standard meridian on the chart, which differs
from that found on the angiogram by 90°.

Fig. 1. Fluorescein angiogram of case with central serous retinopathy during the acute
phase. Angle formed between line drawn through leaking site and fovea and horizontal
axis is 30°, corresponding to the 120300 meridian on a visual field chart.
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27 patients were investigated, 23 males and 4 females, with a mean age of 40
years. All patients had a visual acuity of 6/12 or better at the time when
visual field studies were performed.

Amsler grid test

Localised areas of metamorphopsia were plotted on the Amsler chart by 22
out of the 27 cases examined. In some the distortions recorded on the chart
were observed to be close to fixation (Fig. 2), and in others at some distance
away from this site (Fig. 3). No patient with a resolved central serous retino-
pathy plotted a partial scotoma, although such defects were frequently noted
by patients during the acute phase of the disease.

Static perimetric investigations

17 out of the 27 patients examined were recorded as having paracentral
needle shaped scotomata. These varied between 1° and 3° in width, and from
a slight depression to quite dense cuts which approached the baseline of the
static chart. In 11 cases residual paracentral scotomata were detected on the
horizontal axis (Fig. 4). However, 6 others showed no abnormality on this
meridian, but needle shaped defects became apparent when static profiles
were plotted on the axis joining the site of the sealed breach in the choroido-
retinal barrier to the fovea (Fig. 5).

The time taken for the serous fluid to absorb in cases of idiopathic central
serous retinopathy examined in this study ranged from 2 to 11 months, with

L
4L 277

Fig. 2. Disturbances adjacent to fixation Fig. 3. Changes plotted on Amsler chart

recorded on Amsler chart by case DS 6 by case NE at 7 months from initial

months after the onset of symptoms. visual disturbance.
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Fig. 4. Residual paracentral scotomata recorded by case DS on the 180°—0° axis 6
months after developing a central serous retinopathy.

Fig. 5. Static profiles of case RS 18 months after developing macular oedema, showing
no abnormality on the 180°—0° axis, but the presence of paracentral scotoma on the
135°-315° axis.
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Table 1. Effect on field changes of time taken for fluid to absorb.

Defects on
Duration of Number of Defects on static
detachment patients Amsler chart perimetry
Less than 11 6 3
4 months
4 months 16 16 14
or more

a mean of 4 months. Of the 11 patients in whom detachments were observed
to resolve in less than 4 months, 6 drew defects on the Amsler grid and 3 of
these were noted to have static perimetric defects. Of the 16 patients whose
detachment took 4 months or longer to settle, all continued to observe distor-
tions on the Amsler grid and 14 retained abnormal static perimetric profiles
(Table 1). No patients were found to have residual changes on static peri-
metric examination who did not record defects on Amsler charting.

DISCUSSION

As 81% of patients showed residual defects on the Amsler grid, whereas only
63% retained abnormal static perimetric profiles, it is clear that Amsler test-
ing, which can be carried out quickly without recourse to any special tech-
nical expertise, is, in some ways, superior to static perimetry in evaluating the
residual field disturbances in patients who have developed a central serous
retinopathy. The reason why a high number of patients were noted to record
disturbances on the Amsler chart, as opposed to perimetric testing, is prob-
ably because it is possible, by this method, to plot changes associated with
persistent micropsia and metamorphopsia. It would appear, however, that the
two forms of examination do not provide exactly comparable data about
retinal function, as static perimetric testing reveals predominantly small para-
central lesions, whereas Amsler charting often indicates more widespread dis-
turbances at the posterior pole.

Although no defect in retinal function was found overlying the site of the
breakdown in the choroidoretinal barrier identified in the acute phase, it
would appear likely that, in the majority of cases, the fluid separating the
neural layers of the retina from the pigment epithelium tracks towards fix-
ation, as perimetric studies performed on the axis joining the site of the
initial breakdown of the choroidoretinal barrier to the fovea revealed that
retinal function is more severely impaired along this meridian than on any
other axis. Kroll and Machemer (5) showed that regeneration of photo-
receptor outer segments appeared to occur more slowly in cones than in rods
in animals in whom artificially detached retinae were reattached, so it seems
that a persistence of cone malfunction in patients with resolved central serous
retinopathy might well provide an explanation for the long standing para-
central field changes recorded on static perimetry testing. Support for this
concept is provided by the fact that we found paracentral needle shaped sco-
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tomata in 27% of patients where the serous fluid cleared in less than 4 months,
but when resolution was delayed beyond this time 85% of cases retained these

dafant 3 1 i
defects. As Chisholm et al. (1) noted that recovery of central visual function

in patients with successfully treated retinal detachments involving the macula
depended on how long the retina had been detached, we suggest that similar,
but more subtle, changes probably occur at the macula in patients with cen-
tral serous retinopathy.

Although the majority of patients who have developed central serous
retinopathy complain of little in the way of visual disturbances, it is also clear
that those individuals reguirine a hicsh level of visual effort to carrv out their

uiat Wish ANUIVICLGNS TOGRIIINE @ JLpE aUVRE U0 VoAl LIV AU Lally s uiledl

jobs often continue to be aware that their sight remains defectlve Such
individuals are usually employed in the professions, or in printing, photo-
graphic or microengineering industries and, for these, the residual retinal
disturbances may pose greater problems than has been previously thought
likely.
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VISUAL FIELD DEFECT CHARACTERISTICS
IN CASES OF HYPERPROLACTINAEMIA

R. FULMEK & F. FRIEDRICH

(Wien, Austria)

ABSTRACT

A kinetic quantitative method of relative light-sense-perimetry was performed by means
of Goldmann’s perimeter during and after normal pregnancies of 14 women and in 25
amenorrhoic women with hyperprolactinaemia. Simultaneously with each visual field
examination a blood sample was drawn and prolactin was estimated by RIA.

Visual field areas of 14 women in late pregnancy were compared with the visual field
areas of the same women post partum. When low light intensities were used, 12 out of
14 women had significantly smaller visual fields during pregnancy as compared to the
post partum period. No significant differences were found between early and late preg-
nancy despite significantly different prolactin values. The typical defect of late pregnancy
was bitemporal upper quadrant depression

A comparable visual field defect was found in 19 out of 25 women with the amen-
orrhea-hyperprolactinaemia syndrome As 2 women were considered to have suprasellar
extension of a prolactinoma in computer tomography the dysopia in the other patients
and in late normal pregnancy could be explained by the pressure of the enlarged pituitary
and its stalk on the optic chiasm from below and median. Visual field defects of minor
degree in patients with amenorrhea-hyperprolactinaemia syndrome comparable to late
pregnancy dysopia is found to improve after bromocriptin therapy and is not regarded as
indication for neurosurgery.

INTRODUCTION

Since visual field defect in the amenorrhea-hyperprolactinaemia syndrome is
an important factor, which may indicate neurosurgery, we compared visual
fields of women with physiological hyperprolactinaemia as found in pregnancy
with the visual fields of women with pathological hyperprolactinaemia.

METHOD

A kinetic-quantitative method of relative light-sense-perimetry by means of
Goldmann’s perimeter was used (1). 14 women with normal pregnancies had
their visual fields examined by this method 2 to 3 times during pregnancy
and in the post partum period. Visual field changes were quantitated by
means of planimetry using Ott’s planimeter. 25 women with amenorrhea-
hyperprolatinaemia syndrome had their visual fields repeatedly examined,
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7 of them before and during bromocriptin therapy. Simultaneously with each
visual field examination a blood sample was drawn and prolactin was esti-
mated by RIA.

RESULTS

Visual field areas of 14 women in late pregnancy having serum prolactin levels
of 206.5 + 100.6 ng/ml were compared with the visual field areas of the same
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Fig. 1. Visual field changes during a normal pregnancy. In the 13th week a bitemporal
upper quadrant depression is observed, which moves to the center of the visual field in the
26th week. 4 months post partum the depression has nearly and 7 months post partum
the depression has completety disappeared.
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women 3 months post partum with prolactin levels of 9.5 + 6.5 ng/ml. Only
in 3 of the 14 women a completely normal visual field was found in early
pregnancy. Visual fields as measured utilizing high light intensities (peri-
phery 4, midzone 2) were not significantly different during and after preg-
nancy. When low light intensities (central field 1, peak field 0) were used, 12
out of 14 women had significantly smaller visual fields during pregnancy as
compared to the post partum period. No significant differences were found
between early and late pregenancy despite of significantly different prolactin
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Fig. 2. Visual field changes during a normal pregnancy. Symmetric relative bitemporal
upper quadrant depression. Complete bitemporal hemianopsia in the peakfield 0 with
sparing of the macula. 4 months post partum a normal visual field is found.
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values (early pregnancy 54.3 * 60.7 ng/ml, late pregnancy 206.5 + 100.0 ng/
ml).

Two typical examples of the bitemporal upper quadrant depression (dys-
opia) found during normal pregnancy and restoration of the visual field in the
post partum period are shown by Figs. 1 and 2.

Twenty-five women with amenorrhea-hyperprolactinaemia syndrome
(prolactin 127.8 + 81.4 ng/ml serum) had their visual fields examined. Only 3
had completely normal visual fields, while 19 women showed a typical bitem-
poral upper quadrant depression similar to the characteristic defect found
during normal pregnancy. Only 2 of these women were considered to have a
prolactinoma with suprasellar extension, diagnosed by computer tomo-
graphy.

14 patients were treated with bromocriptin (Parlodel® ) a prolactininhibitor.
In 7 from these patients a control visual field under treatment was performed;
4 showed improvement of the visual field. Two examples are shown by Figs.
3 and 4.

DISCUSSION

By means of our kinetic-quantitative method of relative light-sense-perimetry
by means of Goldmann’s perimeter (1) changes of the visual field even during
normal pregnancy can be found as well as in cases of amenorrhea-hyper-
prolactinaemia syndrome without demonstrable tumors.
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Fig. 3. This patient had no evidence of an intra- or suprasellar tumor. Prior to bromo-
criptin therapy a nearly symmetric and relative bitemporal upper quadrant depression
is found. In the right peak field 0 a nasally expanding central relative scotoma is demon-
strable; it disappeared during bromocriptin therapy.
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Fig 4 This patient had evidence of a 3 cm suprasellar expanding prolactinoma in com-
puter tomography. The visual field prior to the bromocriptin therapy shows the classical
chiasmal lesion, with greater defects at the left side, caused by pressure on the anterior
angle of the chiasm from below and median. The patient refused neurosurgery. A very
impressive improvement of visual field for all light intensities occurred under bromo-
criptin treatment (7 5 mg/daily). At this time computer tomography showed shrinkage
of the suprasellar tumor of about one third.

The improvement of the visual field post partum and during bromocriptin
treatment in hyperprolactinaemic patients may suggest that in these cases the
defects can be caused by pressure of the enlarged pituitary and its stalk on
the optic chiasm from below and median.
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COMMENT BY F. DANNHEIM
(Univ.-Augenklinik, Hamburg, F.R.G.)

The search for minimal chiasmal lesions is one of perimetry’s most exciting
tasks. The results of manual perimetry, however, will never be free of an
examiner’s interpretation and bias. The high frequency of alterations in
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pregnancy termed “dysopsia” by the authors calls for a comparison with a
group of normal subjects. An irregularity of isopters at the vertical meridian
may be present even under physiological conditions, as for example described
by Ehlers or Damgaard—Jensen. The planimetric quantification of field plots
creates a number of problems, especially if based on a kinetic technique.

It nevertheless seems worthwhile to discuss the possibility of chiasmal
involvement in conditions other than suprasellar tumours giving rise to a
direct compressive type of lesion. The study presented here may be regarded
as a first step in this direction.
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COMMENTS BY JOHN L. KELTNER AND CHRIS A. JOHNSON
(Sacramento, Calif., U.S.A.)

Drs. Fulmek and Friedrich have reported some rather surprising visual field
findings in two groups of women. The first group of 14 women in late preg-
nancy exhibited bitemporal superior quadrant visual field depression. In the
examples shown (Figures 1 and 2), the visual field loss appears to be rather
extensive. No information is provided about post-partum neuro-radiologic
studies to exclude pituitary tumors that may have been exacerbated during
pregnancy. The second group consisted of 25 women with amenorrhea-
hyperprolactinaemia syndrome, 19 of whom had bitemporal superior quad-
rant visual field depression. Two of the 19 women with bitemporal visual
field loss were considered to have suprasellar extension of a prolactinoma,
which accounts for their visual field defect. No information is provided about
the neuro-radiologic studies for the remaining 17 patients with visual field
loss. Thus, we are lacking essential neuro-radiologic information for both
groups of women. Other aspects of the afferent visual pathway evaluation of
these patients (e.g., visual acuity, color discrimination, color desaturation) are
not presented. This makes if difficult to assess the significance of the visual
field characteristics reported in this paper.

The authors indicate that the visual field defects in both groups of women
were revealed by low light intensity visual field testing, but were not elicited
by high light intensity visual field testing. Since the background luminance,
target luminance, stimulus size and other test parameters are not specified, it
is difficult to know what perimetric test procedures were employed in this
study.

In summary, important psychophysical and neuro-radiological information
is not reported for the two groups of patients tested in this study. Without
this information it is hard to interpret these rather unexpected results. Further
investigations incorporating more extensive correlations between visual field
findings and neuro-radiologic testing, the use of control groups of women
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with normal visuai fieids and a “doubie-biind™ experimential design, and
replication studies by independent perimetric laboratories would be a useful
adjunct to the present study of Drs. Fulmek and Friedrich.
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TION BETWEEN THE STEREOGRAPHIC SH

CORRELA ST
CORRE EREOGRAPHIC SHAPE

OF THE DISC EXCAVATION AND THE VISUAL FIELD
OF GLAUCOMATOUS EYES

HAJIME NAKATANI & NORIHITO SUZUKI

(Osaka, Japan)

ABSTRACT

By means of analysing the grating images on the ocular fundus, it became possible to
draw the stereographic appearance of the ocular fundus. In glaucomatous eyes with
visual field changes, the excavation started in the retinal area and the corresponding rim
was destroyed. We suppose that the glaucomatous visual field changes are due to retinal
ganglion cell and/or nerve fiber degeneration and that the papillary changes are the
results of nerve degeneration in the retina.

INTRODUCTION

We have intended to develop a clinical method for measurement of the
papillary excavation. Two years ago, at the International Symposium on
Glaucoma in Japan, we reported that we were able to obtain a sectional plane
of the ocular fundus by analysing the grating images on the ocular fundus.
Using this method, it became clear that the diameter and the depth of glau-
comatous papillary excavation became larger and its shape was transformed
from triangle to trapezoid. Many profiles on ocular fundus were obtained by
analysing grating images on the ocular fundus. Reconstructing these profiles,
the stereographic appearance of the ocular fundus could be obtained. In this
investigation, we studied the correlation between the stereographic shape of
the excavation and the glaucomatous visual field.

METHOD

Vertical parallel, equidistant grating lines were projected onto the ocular
fundus from either the nasal or the temporal side and the fundus was photo-
graphed in a routine manner (Fig. 1). The angle between these two directions
was 0.1 radian. When the surface of the ocular fundus is in one level, the
grating images on it should be straight (Fig. 2). On the other hand, when the
surface of the ocular fundus is not in one level, the grating images on it should
be distorted. That is, a phase shift of grating images should take place. By
means of analysing the phase shift of all grating images on the ocular fundus,
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L, : lens with central hole G : grating lines
Ly,Ls @ aspherical lenses M ! mirror
S : light source C ! conjugatc point
Fig. 1. (Fig. 1-a, 1-b) Principle of the optical system of the apparatus. Broken lines show
the system of the grating image formation. Straight lines show the optical system of the
light source.

Fig. 2. The direction of the grating image on the surface of plane. Arrows show the light
direction. Left is the grating image on a convex sphere. Right is the grating image on a
concave sphere.

we are able to obtain profiles of the ocular fundus. Thus, we are able to ob-
tain the stereographic shape of the ocular fundus by reconstructing these
profiles.

RESULTS OF CLINICAL USE
Case 1. 30 years old, male, normal right eye

The ocular fundus of this case showed no abnormalities ophthalmoscopically
and Fig. 3 demonstrates the ocular fundus with the grating images. Analysing
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Fig. 3 The grating images on the retinal and papillary surface of case 1 (normal eye).
Arrows show the grating image analysed.

the grating image shown with arrows (Fig. 3), we could obtain the vertical
profile of the retinal and the papillary surface (Fig. 4). The center of the
papilla was taken as zero and the papilla-retina borders are shown by arrows.
Analysing all these grating images on the ocular fundus and reconstructing
these profiles, we could obtain a stereographic drawing of the retinal and
papillary surface as in Fig. 5. The physiologic excavation was located in the
central area of the papilla and was cone shaped. The rim of the papilla and
the retina were at the same level.

) T
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Fz'g.' 4 The vertical sectional plane (profile) of retinal and papillary surface of case 1.
Papillary center is 0. Arrows show papilla-retina border.
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Fig. 5. Stereographic drawing of retinal and papillary surface of case 1 (normal eye).
Circle shows papilla-retina border.

,,,,,

Fig 6. The visual field of case 2.

Case 2. 57 years old, male, glaucomatous right eye with the visual field
as shown in Fig. 6

The papillary excavation of this case was not clear ophthalmoscopically.
Analysing the grating images on the ocular fundus (Fig. 7, Fig. 8), we could
obtain a stereographic drawing of the retinal and papillary surface. The retinal
surface was not smooth but wrinkled. The excavation started in the retinal
area and the corresponding rim was slightly destroyed (Fig. 9).
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Fig. 7. The grating images on the retinal and papillary surface of case 2 (glaucomatous
eye). Arrows show the grating image analysed.
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Fig. 8. The vertical profiles of retinal and papillary surface of case 2 (glaucomatous eye).
Arrows show papilla-Tetina border
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Fig. 10. The visual field of case 3.

Case 3. 45 years old, female, glaucomatous left eye with
visual field as Fig. 10

Analysing the grating images on the ocular fundus (Fig. 11, Fig. 12), we could
obtain a stereographic drawing of the retinal and papillary surface (Fig.
13). In this case, distinct retinal excavation was observed with the rim of the
papilla extensively destroyed. However, the upper nasal rim and the corre-
sponding visual field remained intact.
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Fig. 11 The grating images on the retinal and papillary surface of case 3 (glaucomatous
eye). Arrows show the grating images analysed.
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Fig 12. Vertical profiles of retinal and papillary surface. Arrows show papilla-retina
border.

COMMENTS

The apparatus

In this study, the grating images on the papilla became clearer than in our
previous method. Analysing all grating images on the ocular fundus was very
time-consuming in our previous method (about two hours). With the present
method we could perform a rapid analysis by using a computer analyser
(about fifteen minutes).
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Fig 13. Stereographic drawing of retinal and papillary surface of case 3.

In glaucomatous eyes with visual field damage, there were many wrinkles on
the retina, the excavation started in the retinal area and the corresponding
rim was destroyed. We suppose that primary retinal ganglion cell and/or nerve
fiber degeneration due to increased intraocular pressure and secondary papil-
lary changes occurs based on the results of this work and other works (1, 2,
3). In our opinion, glaucomatous visual field defects are caused by the nerve
degeneration in the retina.
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THE FREQUENCY DISTRIBUTION
OF EARLY VISUAL FIELD DEFECTS IN GLAUCOMA

M. COUGHLAN & A. I. FRIEDMANN

(London, Great Britain)

INTRODUCTION

A number of studies on the frequency distribution of early visual field defects
in glaucoma have been carried out using different methods of perimetry. All
workers agree that the earliest defects occur within the Bjerrum area, 5°—15°
eccentricity (1—5). Controversy lies as to whether early temporal paracentral
scotomas connected to the blind spot can occur as an early field defect in
glaucoma.

In this paper we aim to investigate the frequency distribution of early
visual field defects in glaucoma, using the Friedmann Visual Field Analyser
Mark II, using white light. Likewise this study will enable us to determine
which stimuli to use for further examination, like eccentric fixation.

W12
B=11
210 <6

Fig. 1. The frequency distribution of early visual field defects in glaucoma in 69 eyes.
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Fig. 2. The frequency distribution in 400 eyes (of 361 patients, 1953—1976) (Aulhorn,
1976).

MATERIALS AND METHODS

The visual fields of 69 eyes of 60 patients with open angle glaucoma, with
early, but definite, visual field defects, were reviewed.
Patients included in this study were:

1. Good witnesses.

2. Patients with visual acuity adequate for fixation.

3. Patients without any other ocular disease that might obscure glaucoma
field defects.

The working threshold was obtained for each patient, i.e. changing, if necess-
ary, the threshold by 0.2 log units from the age density, until about half the
total number of stimuli presented were seen. A reduction of 0.6 log units
from the working threshold was interpreted as a definite field defect. Reduc-
tions of 0.4 log units were considered significant if they presented in a typical
glaucoma pattern. Reductions of 0.2 log units were ignored unless they formed
a typical glaucoma pattern or if they were found on repeated testing. The
number of times each stimulus was missed was noted separately for right and
left eyes. However, in the final analysis, all findings for the left eye were con-
verted to the right eye.
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OBSERVATIONS

In this study our observations are shown in Fig. 1.

1. High frequency distribution within the Bjerrum area, 5°-15° from fix-
ation, superiorly and inferiory, mcludmg 5°-10° between fixation and
the blind spot. Nasally, it extends to 25° both in the upper and lower
field.

2. Defects occurring temporally, close to the blind spot, both in the upper
and lower field.

3. We also found defects occurring within 5° from fixation.

It is interesting to compare our findings with similar studies done in the past.

If we look at Aulhorn’s results (Fig. 2) and take the two most frequently
missed areas together, our ﬁndmgs correspond closely. We both agree that
defects occur frequently 5°—15° from fixation and nasally extending to 25°
both in the upper and lower field. However, our results differ in that, unlike
Aulhorn, we find defects occurring close to the blind spot in the upper and
lower field, and defects occurring close to fixation, but extending to the
blind spot along the horizontal meridian.

A similar study was done by Furuno et al., using the Friedmann Visual
Field Analyser Mark I (Fig. 3). They noticed few independently occurring

1 D%

Fig. 3. The frequency of early glaucoma visual field changes in a group of Amsterdam
patients — 39 eyes. (Furuno & Matsuo, 1978).
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defects within 10° eccentricity. Their results are different from Professor
Aulhorn’s who, like us, found a high frequency within 10° eccentricity in the
superior half of the visual field.

Similarly, we correspond fairly well with a study done in Amsterdam,
except, one of their less frequently involved areas includes the lower nasal
field, and some of their least frequently involved areas occur near the fixation.
They also found no defects occurring between fixation and the blind spot.

Some of the differences in these results could be attributed to the differ-
ent method of examinations employed. In the study done in Amsterdam and
Shinzato’s, the standard 46 hole front plate was used on the Friedmann
Visual Field Analyser Mark I. Whereas, in our Mark II plate there are con-
siderably more positions, especially near fixation and around the blind spot.
However, it is interesting to note that, with Aulhorn’s single stimulus and the
Mark II plate, a very good correspondence is shown.

Finally, Fig. 4 is an illustration of an early glaucoma field defect occurring
close to the blind spot superiorly and inferiorly, and on further investigation
with eccentric fixation, demonstrate the extent of the defect. You will note
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Fig. 4 Shows an early glaucoma field defect investigated further with eccentric fixation.
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the working threshold is 1.8 log units and we can see reductions of 0.4 log

units to 2.0 log units occurring in this area, close to the blind spot both in
the upper and lower field. If we note that particular stimulus “V’, there are
three other stimuli, all of which were seen at the working threshold. This
also applies to the other stimuli in the defect.

It is hoped that studies like this will allow the clinician to decide which
stimuli should be used for further investigation, like eccentric fixation, to
detect the presence of early glaucoma field defects.
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VISUAL FIELD INVESTIGATION
IN CEREBROVASCULAR ACCIDENT

SYUJI MAEDA, SUMIO USUBA, KEN NAGATA
& SHUICHI MATSUYAMA

(Hirosaki & Isezaki, Japan)

ABSTRACT

One hundred and thirty patients of cerebrovascular accidents were subjected to a visual
field examination using a Static Campimeter and a Goldmann perimeter. Thirty seven
cases of homonymous field defects were detected; right homonymous field defect in 12
and left one in 25 subjects. The clinical diagnosis in this series was as follows; 11 pu-
taminal hemorrhage, 6 thalamic hemorrhage, 4 internal carotid artery occlusion, 7
middle cerebral artery occlusion, 5 posterior cerebral artery occlusion, 2 subcortical
hemorrhage and 2 cerebral infarction of uncertain location.

In general, the main arterial branch occlusion revealed congruous visual field defects
with steep margins, whereas cerebral bleeding showed various types of field defects.

Middle cerebral artery occlusion showed quadrantanopia of various degrees and
thalamic hemorrhage showed small homonymous field defects within one quadrant.

Macular sparing is of little value in topical diagnosis in this series.

INTRODUCTION

Of the cerebrovascular accident (CVA) patients, 17—22% show homonymous
hemianopia (2, 4). Visual field examinations in CVA patients are valuable not
only in topical diagnosis of the lesions but also in estimation of their prog-
nosis (2). Moreover, the field defects are not always noticed by patients them-
selves, and not knowing of them they may have some trouble in their life, for
example, driving a car is much more dangerous. From these viewpoints, it
seems evident that visual field examination is indispensable in CVA patients.

CVA can be classified as follows; infarction (carotid artery and vertebro-
basilar artery), hemorrhage (putaminal, thalamic, subarachnoid, cerebellar
and pontine). Of these lesions, internal carotid artery (ICA) occlusion, middle
cerebral artery (MCA) occlusion, posterior cerebral artery (PCA) occlusion,
putaminal hemorrhage (Put. H.) and thalamic hemorrhage (Th. H.) have a
possibility to cause homonymous field defects.

In general, PCA occlusion produces an exact congruous homonymous field
defect with more or less macular sparing (3, 5, 9). However, there are some
controversies as to macular sparing and congruity. Smith (8) stated that PCA
occlusion usually splits fixation rather than sparing it. Koerner (6), who pre-
cisely examined the patients of homonymous hemianopia with the Tiibingen
perimeter, concluded that sparing of foveal vision (averaged 1.5°) and incon-
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gruity were the rule in homonymous field defects. He also speculated that
much of the congruence in earlier visual field studies were attributable to too
much expectation by the examiner.

As to the cerebral hemorrhage, there have been only a few reports about
its field defects. Fisher (1) stated that in putaminal hemorrhage (Put. H.)
homonymous field defects were common, on the other hand, in thalamic
hemorrhage (Th. H.) the homonymous field defects were shown at the time
of the onset but cleared up early.

Although several authors have studied the visual field defects of CVA
patients they have often adopted the confrontation method, where thorough
visual field testings, as quantitative perimetry, are required.

MATERIAL AND METHOD

One hundred and ninety six patients who were admitted to the Mihara
Memorial Hospital with a diagnosis of CVA were studied, in August 1979.
Tumors or head injuries were eliminated from this study.

Each subject had undergone a series of neurological examinations including
CT scanning. Prior to the visual field testing, examination of the anterior
segment of the eyes and ocular fundus was performed in all subjects. Then,
the visual field was examined with the use of a Static Campimeter (Takada
Co. Japan) for screening. Those who had been selected by the screening or
had been detected for some ocular abnormalities were subjected to quanti-
tative perimetry with the Goldmann perimeter.

The correlation between the site and type of the lesion and the type and
extent of the visual field defects was investigated.

RESULTS

Sixty one cases of ocular disease, such as cataract, retinal bleeding and
papilledema etc., were detected before the screening of the visual field defect
was made. We were not able to complete the field examination in 66 patients
of the 196 subjects, because of their poor comprehension or conscious dis-
turbance. We could investigate the visual field in the remaining 130 subjects.

Of 130 subjects, 56 cases were detected to have a visual field defect; 37
cases revealed homonymous defects (Table 1) and 19 other types of defects
(6 retinal bleeding, 3 glaucoma, 5 opaque media and 5 miscellaneous). The
relation between the intracranial lesion and the homonymous field defects is
shown in Table 2. Left homonymous defects weie twice as many as right hom-
onymous defects. There was no case of bilateral homonymous hemianopia.

In 16 cases a homonymous hemianopia had been found with the confron-
tation test at the time of CVA onset. In the present study, however, only 9
cases of them revealed homonymous field defects and the remaining 7 cases
(3 Put. H., 2 ICA occlusion, 1 Th. H. and 1 postoperative aneurysm) were
regarded as normal.

The correlations between the lesion and the type of homonymous field
defect are shown in Table 3.
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Table 1. Subjects.

Numbers Average age Homonymous field defects
Male 90 56 31
Female 40 59 6
Total 130 57 37

Table 2. Lesions and homonymous field defects.

Diagnosis Number Homonymous defect (R, L)
Put. H. 24 11 4,7
Th. H. 17 6 2,4)
MCA occlusion 20 7 (1,6)
ICA occlusion 13 4 (1,3)
PCA occlusion 5 5 2,3)
LSA occlusion 19 1* (1,0)
cerebral aneurysm 8 2% 0,2)
subcortical hematoma 6 2 (1,1)
V-B insufficiency 8 0 0,0)
subdural hematoma 2 0 0,0)
brain infarction 16 2 Ln
(location unknown)

ACA occlusion 2 0 0,0
Total 140%** 37 (12,25)

*: Complicated with PCA occlusion.
- Complicated with Th. H. and Put. H. respectively.
This number exceeds real number 130; because in some patients the lesions are
duplicated.

Table 3. Diagnosis and topography of visual field defects.

Number 1/2 1/4 Smooth®™ Steep® Congruity Macula

+ —  sparing  splitting
Put. H. 11 4 4 2 6 6 2 1 2
Th. H. 6 4] 2 4 2 2 4 0 0
MCA 7 0 7 1 6 6 0 0 0
ICA 4 2 0 2 2 3 0 1 1
PCA 5 4 0 0 5 5 0 1 3
Sub.H. 2 0 2 0 2 2 0 0 0
Infarct. 2 0 0 1 1 0 2 0 0

§ub. H. = subcortical hematoma; Infarct. = brain infarction (location unknown).
Isopter slop at the margin of the field defects.

1. Complete hemianopia or quadrantanopia. Of 37 cases of homonymous
field defects, 10 (27%) showed complete hemianopia. Among them 4 were
cases of PCA occlusion (Fig. 1A). Fifteen cases (40%) showed homonymous
quadrantanopia. All of the 7 cases of MCA occlusion showed quandrantanopia
(Fig. 1B). Two cases of Th. H. showed quadrantanopia. But their field defect
may be not so much a quadrantanopia as a sector defect (Fig. 1C). 353
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Fig. 1.

A, Visual fields of the

case of left PCA occlusion
showing right complete
homonymous hemianopia
with macular splitting.

B. Typical visual fields of the
case of right MCA occlusion
showing left inferior homony-
mous quadrantanopia.

C. Visual fields of the case of
right thalamic hemorrhage
showing left inferior homony-
mous quadrantanopia or
homonymous sector defects.
D. Visual fields of the case of
nght ICA occlusion showing

left homonymous field

defects. They are wide defects
extending to two quadrants.
Note gently sloping margin
of the field defects.

E. Visual fields of the case of
left thalamic hemorrhage.
Note incongruous homony-
mous field defects. Smatl
defect is the rule in the
thalamic hemorrhage.

F. Visual fields of the case of
right putamimal hemorrhage
showing left complete
homonymous hemianopia
with macular sparings.



2. Margin of the field defect. It seems that the boundary between invaded
field and remaining field is generally steep in PCA and MCA occlusion, in
contrast with the fact that it often is gently sloping in ICA occlusion (Fig.
1D) and cerebral bleeding.

3. Congruity. In general, cerebral arterial occlusion tended to show congruous
field defects. On the other hand, many cases of cerebral hemorrhage, especially
Th. H. (Fig. 1E), showed incongruous field defects.

4. Macular sparing. Ten cases of complete homonymous hemianopias were
available for assessment. There was no correlation between macular sparing
and the type of the lesion. Fig. 1F is a case of Put. H. showing a macular
sparing.

5. Superior dominance or inferior dominance. With reference to the domi-
nance of the field defect; superior or inferior, the former was found in only
2 cases, and the latter was found in 22 cases.

DISCUSSION

One hundred and thirty patients of CVA were investigated for visual field
defect using Static Campimeter and Goldmann perimeter.

Among them, 37 cases (28%) were detected to have homonymous field
defects. Our detecting rate of 28% differs from Isaeff’s data (4). He detected
17% of homonymous field defects out of 322 CVA patients by the confron-
tation test. The disparity may be attributed to the method of screening.

As we have studied only stable cases, our detecting rate should also differ
from that of early stage cases. Actually, 7 out of 16 cases, who had been
diagnosed as having homonymous hemianopia at the time of the early stage of
CVA by the confrontation test, were not picked up in this study. Supposedly,
this improvement may be a result of restoration of cerebral edema and ab-
sorption of bleeding. Then, it should be noticed that a considerable number
of cases might have shown homonymous field defects in the early stages.

The number of left homonymous field defects was about twice as many as
that of the right one. It seems that some of the disturbance of the dominant
hemisphere may cause an aphasia and may make it difficult to carry out the
visual field examination. This presumption, however, conflicts with Lanshe’s
report (7). He stated that visual field defects could not be charted easily, if
the lesion was in the nondominant parietal lobe.

Correlations between the type of the lesion and the shape of the field
defects were as follows:

1. ICA occlusion. The field defects cover over two quadrants with gently
sloping borders and extend to complete hemianopia. They are roughly
congruous. Peripheral field is more vulnerable than central field.

2. MCA occlusion. Inferior homonymous quadrantanopia is the rule. They
also show congruous field defects with steep vertical meridians.
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3. PCA occlusion. All cases of PCA occlusion showed dense homonymous
field defects. Definite macular sparing is not necessary in complete hemia-
nopia.

4. Thalamic hemorrhage. As a rule, the field defects are limited within one
quadrant. They are often incongruous and show a variety of shapes. Peripheral
field is more vulnerable than central.

5. Putaminal hemorrhage. They may cause various types of field defects, as
well.

6. Lenticulo-striate artery occlusion (Basal ganglionic small infarction). They
may not cause any field defects.

We have no idea about subcortical hemorrhage and cerebral infarction with-
out definite location, because they are too few for assessment.

Occlusion of the MCA, which nourishes the parietal lobe region, may
disturb the superior part of the optic radiation and cause inferior homony-
mous quadrantanopia. In this series, with exception of one case of superior
quadrantanopia, all the remaining cases of MCA occlusion showed inferior
quadrantanopia.

Our cases of ICA occlusion did not show quadrantanopia but a broader
field of defects within two quadrants. It is thought that ICA occlusion causes
the ischemia of the area of MCA and of anterior choroidal artery, and then it
subsequently develops into such a broad field of defects.

Hitherto, thalamic hemorrhage has been said to present homonymous
hemianopia in the early stage of CVA and disappear later (1). The author,
however, detected 6 cases of homonymous field defects out of 17 thalamic
hemorrhages in this study. As the defects were small within one quadrant, if
one examined them by the confrontation test, they should have been over-
looked.

Many thalamic hemorrhages in this study showed incongruous field defects.
Supposedly, some of the Th. H. may affect the lateral geniculate body, which
lies adjacent to the thalamus, and may cause the incongruous field defects.

Cerebral hemorrhage may cause various types of cerebral damage according
to the extent of the lesion. On the other hand, cerebral infarction, in which
the cerebral damage is limited to the drainaged area of the involved vessels,
may show uniform symptoms. In this way, cerebral infarction showed a uni-
form type of field defects while cerebral hemorrhage showed various types.

As we did not use a more accurate perimeter such as a tangent screen or
Tiibingen perimeter, we could not assess precisely the well-known macular
sparing. Nevertheless, definite macular sparings were shown in 3 cases in this
study. No significant correlations between the location of the lesion and the
macular sparing could be found in this study.

ACKNOWLEDGEMENT
The authors would like to thank Dr. H. Mihara for his kind permission and

356



support of this study at the institute of Brain and Biood Vessels, Mihara
Memorial Hospital.

[y

REFERENCES

. Fisher, C. M. et al. Acute hypertensive cerebellar hemorrhage: diagnosis and surgical

T Wa 2AQ 1058

treatment. J. Nerv. Ment. Dis. 140: 38 (1965).

. Haerer, A. F. Visual field defects and the prognosis of stroke patients. Stroke 4: 163

(1973).

. Huber, A. Rontgen diagnosis vs visual field. Arch. Ophthalmol. 90: 1 (1973).
. Isaeff, W. B. Ophthalmic findings in 322 patients with a cerebral vascular accident.

Ann. Ophthal. 6: 1059 (1974).

. Kaul, S. N. et al. Relationship between visual field defect and arterial occlusion in the

posterior cerebral circulation. J. Neurol. Neurosurg. Psychiatry, 37: 1022 (1974).

.Koerner, F. & H. L. Teuber. Visual field defects after missile injuries to the geniculo-

striate pathway in man. Exp. Brain Res. 18: 88 (1973).

. Lanshe, R. K. Ocular manifestations of strokes. Int. Ophthal. Clin. 8: 337 (1968).
. Smith, J. L. Homonymous hemianopia. Am. J. Ophthalmol. 54: 616 (1962).
. Tate, Jr. G. W. & J. R. Lynn. Principles of interpretation of the visual field. In: Prin-

ciples of quantitative perimetry. Grune & Stratton, New York, p. 191 (1977).

Authors’ addresses:

S. Maeda, M.D., S. Usuba, M.D. & S. Matsuyama, M.D.
Department of Ophthalmology Hirosaki University
School of Medicine

5 Zaifucho, Hirosaki 036

Japan

K. Nagata, M.D.

Institute of Brain and Blood Vessels
Mihara Memorial Hospital

Isezaki

Japan

357



REFRACTION SCOTOMATA AND ABSOLUTE
PERIPHERAL SENSITIVITY

LUCIA R. RONCHI & LUIGI BARCA

(Florence, Italy)

ABSTRACT

By comparing the absolute thresholds recorded 10° nasally, in the dark-adapted retina,
for two different stimulus durations (10 and 400 ms), an index (A) of temporal inte-
gration is obtained. A is found to depend on target size u as well as on stimulus wave-
length A peculiar ‘tuning’ phenomenon, denoting maximal time integration is found
when u is about 6 min of arc, in the middle of the spectrum, and about twice at the blue
end.

INTRODUCTION

One of the outstanding characteristics of peripheral vision, often referred to
in clinical perimetry, is its large spatio-temporal summation, evident at most
in the dark-adapted state. As an additional proof, we may quote the insensi-
tivity to defocus (7), shown, for instance, in Fig. 1.

Now, recent research has put into evidence the so-called non summation
across small areas (10), and the rod-cone interaction under other-than-steady
stimulation, in scotopic vision (2). Personally, we are interested in absolute
threshold. We find (8) that temporal summation is independent of wavelength,
when test field size is as large as 2°. On the other hand, it is found to be wave-
length dependent (6, 9) for test fields subtending at the eye 4 to 6 min in
Fig. 2, where (left insert) the philosophy of our procedure is also displayed.
Briefly, we recorded the radiance-time relationship for monochromatic stim-
uli, at absolute threshold, at a given retinal eccentricity (10° nasally). We
assumed as an index (A) of integrative capacity the log difference of liminal
radiance-time products (L t) for two different stimulus durations, say, t =
400 ms and t = 10 ms, that is.

A = [log(L * t)ae0 —1og(L * t)yo .

The smaller A, the more active the time integration process.

According to classical beliefs (11), A should be independent of stimulus
wavelength, at absolute threshold.

Our small-field findings (6, 9) sould contradictory. As a matter of fact, we
cannot apply the distinction between the spatio-temporal integrative proper-
ties of luminosity channel and of opponent-color channels (3) at absolute

Doc.Ophthal Proc. Series, Vol 26,ed by E L. Greve & G. Verriest 359
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Fig. 1. Log absolute threshold luminance versus the degree of defocus, in diopters.
Eccentricity, 10° nasally, « = 3 min of arc, t = 400ms, A = 593 nm. The blurring lens is

placed close to the eye, perpendicularly to the line joining the target to the pupil, while
the fixation light is left to the naked eye.

threshold, where cones are currently assumed to be silent, unless some sub-
liminal influences on rod threshold are suggested (1, 2).

Therefore, it seemed worthwhile to record further experimental data, in
order to throw some light on this complex problem. In the present experi-
ment we deal with the dependence of A on target size u, once fixed stimulus
wavelength, at a given retinal eccentricity (10° nasally). Looking at Figure 2,
one might expect that the plot where A is displayed versus u is flat in some
spectral regions, while it shows a rising trend in other regions. Indeed, the
response pattern found by us is more complicated, as is described in the

following paper.

MATERIALS AND METHOD
The experimental set-up is the same as that used in previous experiments (6,
9). A circular test spot of variable size and intensity is flashed at the wanted

retinal location, on a dark-background. Light emitted by an incandescence
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lamp (2800°K) is rendered monochromatic through Balzer interference
filters, and next focused on the shutter plane.
sisting of a LED source, green in some sessions, red in others.

Once fixed stimulus size (u), duration (¢) and wavelength (), absolute
threshold is recorded by the use of constant stimuli method, and estimated
through Probit Analysis. Target size is varied from 2.5 to 36’. For every u
value, ten estimates of A were obtained. Average and standard deviation were
then computed for each sample of such data.

Three normal highly skilled observers took part in the sessions. However, a
more complete data set was obtained with observer OND. Therefore, this
observer’s data are presented to describe the results of the present work.

EXPERIMENTAL FINDINGS AND DISCUSSION

Fig. 3 shows how the u-dependence of A varies across the spectrum. Now,
looking for a feature common to every plot, we might argue that there is a
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Fig 3 Quantity A, defined in the text, is plotted versus test spot size (1) in min of arc.
Label denotes the wavelength. Bars denote the standard devaition.
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Fig. 4. Target size (or range for target size), in minutes of arc, where A is minimum (see
Fig. 3), and hence time summation is maximal, plotted versus stimulus wavelength.

peculiar target size (let us denote it by u,) where A attains its minimum. In
other words, we are looking for an optimal target size where temporal inte-
gration is effective at most, in line with the known non-independence of
spatial and temporal summation, recently discussed by Owens (4).

As is shown in Fig. 4, u, is wavelength dependent. No data are produced
for A = 626 nm (see Fig. 3), although one could guess that ¢, is very small, in
this spectral region. We applied the Student-¢ to test the significance of the A
difference estimated for the assumed u, value, at every wavelength. The
significance (at the 0.05 confidence level) is attained at all the tested wave-
lengths, except for 434 and 593 nm.

In addition, in agreement with previous findings (5) we have once more
confirmed that our results are not a mere artifact due to eye chromatic
aberration, called into play by the differences in spectral composition of
fixation light and test field light, respectively.

In conclusion, we might assume that temporal integration becomes optimal
when target size is large enough to avoid non summation effects (10). How-
ever, the understanding of u, dependence on wavelength, found by us is
other-than-immediate, unless some inferences are made about the lack of
homogeneity of time constant of receptor population mediating the absolute
threshold response.

In perimetric tests where' large and long-asting stimuli are used, the above
effects are of but little relevance. On the other hand, they are likely to play
a role, e.g. in dynamic perimetric tests, relying upon local spatio-temporal
integrative properties. Under these conditions, if brief and small stimuli are
used, one should consider that a short of ‘tuning’ occurs around 6 size, in
the middle of the spectrum (around 12’ at the blue end). In this connection,
it seems likely that the lack of adequacy of dioptric correction could avoid
the optimization of performance, even if classical considerations about peri-
pheral Ricco’s area would not lead to suspect it.
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SCREENING OF VISUAL FIELD DEFECT
AMONG HEALTHY ADULTS
A preliminary trial of population survey of ocular disease

SYUJI MAEDA

(Hirosaki, Japan)

ABSTRACT

Mass screening for visual field defect was performed on 1,811 supposedly healthy per-
sons. Static Campimeter was used for screening and Goldmann perimeter and Tubinger
perimeter for thorough field examination.

21 patients (1.2%) were detected to have definite field defects. Diagnosis of these 21
patients were classsified as follows; 9 intracranial lesions, 6 retino-choroidal lesions, 4
glaucomas and 2 cases of unknown origin. The time taken for the screening was about
3 min for both eyes.

This study indicates that screening of visual field defect can contribute very much
to preventive medicine, especially to the early detection of intracranial lesions.

INTRODUCTION

The visual field examination is an important part of ophthalmological exam-
inations and is of particular help in topical diagnosis of many neurological
lesions in visual pathways. The early detection of field defects is of great
value for the detection of some ocular diseases and intracranial lesions. How-
ever, there are some difficulties in the early detection of field defects. Fre-
quent unawareness of field defects is one of the most important causes, and
intricacy of procedure of examination is another.

A number of visual field screening tests have been carried out by many
investigators (1, 2, 3, 4, 5, 6, 7). Most of them studied it for the early detec-
tion of glaucoma.

This paper reports the result of mass screening of visual field defects in
subjects composed of supposedly healthy persons. For this purpose, the
author used a Static Campimeter (Takada Co. Tokyo), which was developed
to refine the Friedmann Visual Field Analyser (8).

The aims of this study were as follows:

1. To know the proportion of visual field defects in a population of sup-
posedly healthy adults.

2. Detection and etiologic distribution of intraocular and intracranial diseases
referring to visual field defects.

3. Evaluation of visual field screening.

4. Possibility of practical use of visual field screening.

Doc Ophthal. Proc. Series, Vol. 26, ed. by E L. Greve & G. Verriest 365
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Table 1 Age and sex in the subjects studied.

Age 15-19 20--29 30-39 40-49 50-59 60—-64 Total

Male 343 420 245 290 35 3 1336

Female 222 133 61 33 26 0 475

Total 565 553 306 323 61 3 1811
MATERIAL AND METHOD

The visual field was examined in 1,811 adults who were engaged in their daily
work without any complaint about their eyes. The sex and age distribution
were shown in Table 1. The age averaged 28 years. Visual field was examined
in two steps: (1)screening of field defects (SFD), and (2)accurate fieid
examination (AFE). Static Campimeter (Takada Co. Japan) was used for
SFD. Each subject was dark adaptated for ten minutes or more in a dark
room, and then the visual field was examined, while wearing the required
correction for near sight (30 cm).

Each subject was investigated with a neutral density filter, set at its own
dial position (1.2 to 1.8 log units) according to age. If one failed twice, the
procedure of the test was repeated and reexamined cautiously to prevent a
false positive. Any people in whom visual field defects had been detected
were subjected to AFE ie. a quantiative perimetry using Goldmann type
perimeter and/or Titbinger perimeter.

RESULTS

It was shown that reliable visual field examinations can be carried out in a
short time (2 to 3 minutes per two eyes). Of this series 48 subjects (2.7 per-
cent) were diagnosed as ‘failed” during a mass screening program with the
Static Campimeter and referred to further accurate visual field examination
using Goldmann type perimeter and/or Tiibinger perimeter. As the result of
the accurate examination, 21 subjects (1.2 percent) revealed definite visual
field defects. The other 27 subjects were thought to be false positive. As many
of them had hyperope or high graded myope, incomplete correction was the
most suspected cause of the false positive.

Visual acuity was better than 20/25 in 21 subjects having visual field
defects. Although case 8 complained of headaches and asthenopia, and case
14 complained of blurred vision, the other 19 did not have any complaints.

Sex, age, type of the visual field defects and the result of ophthalmological
and neurological examinations were summarizedly shown in Table 2. Among
21 subjects which revealed visual field defects, intracranial disorders were
detected in 9 cases, glaucoma in 4 cases and intraocular diseases of other
types in 6 cases.

The average age was 33 years in the cases of intracranial disorders and 32
years in the cases of glaucoma. On the other hand, it was 41 years in the
group of retino-choroidal disorders. Eighteen were male and 3 were female.
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Table 2. Type and cause of visual field change detected by visual field defect screening

Case No. Sex Age Visual field defect Cause
1 M 59 Rt. homonymous defect Cerebral A-V malformation
2 M 19 Rt. homonymous defect unknown
3 M 29 Rt. homonymous defect unknown
4 M 24 Lt. homonymous defect Cerebral atrophy
5 M 45 Lt. homonymous defect Cerebral atrophy susp
Cerebral aneurysm
6 M 34 Bitemporal scotoma Sellar lesion
7 M 28 Bitemporal scotoma susp. Cerebral aneurysm*
8 M 44 Lt. paracentral scotoma Sellar lesion
9 F 24 Rt nasal contraction Sellar lesion
10 M 44 Bilat. arcuate scotoma Glaucoma*
11 M 30 Rt. temporal contraction Glaucoma*
12 M 35 Rt. paracentral scotoma Glaucoma*
13 M 19 Rt. inf. sector defect Glaucoma
14 M 49 Lt. arcuate scotoma Branch obstruction of
central retinal vein*
15 M 49 Rt. paracentral scotoma Retinal atrophy*
16 M 20 Rt. paracentral scotoma Retinal atrophy*
17 M 46 Lt. inf. contraction Retinal pigment epithelial
detachment*
18 F 52 Bilat. anular scotoma Pigmentary degeneration
of the retina*
19 F 27 Dislocated blind spot Dislocation of the optic
disc*
20 M 53 Rt. paracentral scotoma unknown
21 M 58 Lt. paracentral scotoma unknown

* Case revealed ophthalmoscopic changes.

CT and radiographic examinations of the skull showed pathological find-
ings corresponding to the defects of visual field in five of seven cases having
homonymous hemianopia or bitemporal scotoma.

Case 1 revealed almost complete right homonymous hemianopia. But no
other neurological abnormalities were detected in this case. On plain film of
the skull, shadows supposing calcification were found on the left parietal and
occipital lobes. On CT scanning, this part was strongly enhanced by contrast
media. A-V malformation was most suspected. Case 2 and 3 were cases of in-
complete right homonymous hemianopia, but no abnormality was found on
CT, skull plain film and brain radioisotope scanning. Case 4 was a case of left
inferior homonymous quadrantanopia with slight congruity (Fig. 1). A low
density area suggesting enlargement of sulcus calcarinus was found in the
right occipital lobe (Fig. 2). Case 5, a 45-year-old male, revealed incongruous
left superior homonymous 'quadrantanopia. CT scan revealed enlargement of
Sylvian fissure and sulci in the right temporoparietal region. High density
spots were enhanced along the Willis arterial circle and in the frontal lobe.
Cases 10, 11 and 12 had glaucomatous field defects and glaucomatous cup-
pings of the discs corresponding to the field defects. Intraocular tension was
in normal range. Case 13 showed glaucomatous field defect (Fig. 3) and intra-
ocular hypertension; R. 27 mmHg, L. 23 mmHg. However, neither glaucoma-
tous cupping of the disc nor degenerative change of retinal nerve fibers was
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Fig. 1 Visual fields of the case of cerebral atrophy showing left inferior homonymous
field defects.

H288 HEAD
5 9cM SM-LDG

Fig 2. CT scan film of the same case in Fig. 1. Low density area is shown in the right
occipital lobe. It is thought to be due to enlargement of the calcarine sulcus.

found in this case. Each case of retinal lesion showed field defects correspond-
ing to the lesions in the fundus. Case 19 was a case in which Mariotte’s blind
spot was found to be more nasally than usual. There was no change in size
or shape of the isopters surrounding it. An abnormal location of the optic
disc in the left eye was recognized by ophthalmoscopy. Case 20 and 21:
Unilateral small paracentral scotomata was found. However, no abnormal
finding was obtained. Micro-infarction in the optic disc was a possible cause
of the defects.
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Fig. 3. Visual fields of the case of primary open angle glaucoma. The right field signifies
a nerve fiber bundle defect.

DISCUSSION

As Cassidy and Havener (1) described, reduced visual acuity is of remarkable
value as a screening test for the detection of refractive errors or opacities of
the transparent media. On the other hand, retrobulbar lesions which affect
mainly visual field are hardly detected in their early stage of minimal changes,
because patients are unaware of the visual field defects. Therefore, there was
a necessity for the establishment of a rapid screening method.

The results of the investigations of the different authors vary considerably
and this may be caused by difference of the composition of the groups in-
vestigated, and the condition of the examinations, as previously stated by
Greve and Verduin (4). According to Graham and Hollows (3), the proportion
of subjects where field defects were accounted for was 13 percent of the
1,339 subjects aged 40—74 years. The screening was done with the use of
Friedmann Visual Field Analyser. Robertson (7) carried out visual field
screening in 5,630 employees in seven industrial plants using Harrington’s
Multiple Pattern Field Screener. Of these 258 (4.6%) were recorded as ab-
normal. Linfield (6) studied also visual fields of industrial employees using
Friedmann Visual Field Analyser and detected 20 persons (1.9%), of 1,078
employees who were more than 35 years of age.

The proportion of visual field defects are higher than those of our own
series. Our own investigation can be best compared with that of Greve and
Verduin with respect to age distribution and composition of the group. They
studied healthy 1,834 supjects with normal visual acuity and the age was
between 20 and 60 years. 34 cases (1.9%) of field abnormality including 3
cases of homonymous hemianopia were recognized by the screening. The
proportion in our series (1.2%) very much resembles their proportion. From
these results, the proportion of field defects among healthy subjects may be
accounted for 1 to 2 percent.

Etiological survey in relation to the field defect of suspected intracranial
lesion has not been sufficiently studied in previous investigations.
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We recognized some intracranial lesions corresponding to field defects in
9 of our series. The average age in these 9 cases was 30 years, and this is
almost equal to that of the total population of this series. This means that
such an intracranial lesion exists from a younger age of life and it does not
progress so rapidly. Motor neuron disturbances are not so rare (1.3/1000
persons) at birth, and they are not overlooked because motor palsy makes
characteristic figures.

However, if the lesion localizes in the visual pathway, it can course with-
out being noticed by the patient’s family and even himself.

Moreover, on the other hand it is said that such a lesion, in either case of
haemorrhage or infarction, is altered to granulation tissues in the course of
time and under such a condition it is no longer confirmed by CT scan. Such
cerebral lesions at birth were most suspected in cases 2, 3 and 4 which
showed no definite change except visual field defects in spite of neurological
and radiological examinations. All lesions of this type do not always remain
benign. Intracranial A-V malformation and aneurysm was suspected in cases
1, 5 and 7. Usually, the existence of these vascular abnormalities are noticed
first after the appearance of cerebral nerve disturbances following intra-
cranial haemorrhage from ruptured vessels. Early detection of the abnormalities
is a matter of life-and-death for the patients. The fact that we could detect
the cases among healthy subjects, by field screening, in their silent state of the
disorders, reveals the necessity and availability of the screening.

In three cases (cases 6, 8 and 9), a destructive figure of bone was suggested
surrounding the Turkish saddle on X-ray film, though no abnormal findings
were given by other examinations. These cases must be cautiously followed
up.
All of the subjects with field defects in the series had good central acuity
and none of them was aware of visual field defect before the screening test.
This fact may lead to postulate that screening of field defects should be
always included in the periodic health examination program. Furthermore,
11 subjects revealed no ophthalmoscopic change.

Screening by Static Campimeter can be well carried out in a short time (2
to 3 min per two eyes). This is a merit of this method.

As to false negative, it was not studied in the present study.
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BEN ESTERMAN

(New York, N.Y ,US A.)

ABSTRACT

The scoring of peripheral vision is an assessment of visual function. Yet, until recently
all scoring was erroneously based on a field’s size rather than its usefulness. This was
corrected by the invention of a relative value scale in the form of a grid which scores
different parts of the field in proportion to their functional value to the patient.

The grid is designed for either the full field (perimeter) or the paracentral field (25°)
(tangent screen). It consists of 100 units, each unit worth 1% A simple count of units
which are not obscured by contraction or scotoma yields a direct score in percent of the
normal functional field

In the decade since the grid was approved by the American Committee on Optics and
Visual Physiology it has gained increasingly wide use in the U.S. It has proven to be
accurate, fast, inexpensive, easily reproducible, and can be used by untrained personnel.
It scores irregular isopters and scotomata within the field as easily as ordinary peripheral

contraction
The grid is adaptable to all sizes of field charts used by the different kinds of peri-
meters and tangent screens, whether manual, automatic or computerized.

THE PROBLEM

The scoring of visual fields is, by definition, an assessment of function, an
expression of the patient’s visual capability to perform within his environ-
ment. Yet, prior to 1967, existing methods of scoring were limited to those
based on area alone. (Table 1) Most of us who gave the matter thought were
uneasy about this system. It didn’t work well. It didn’t really express func-
tion. Patients turned up with scores that were totally unrealistic in relation to
their disability. (Fig. 1, A & B shows two such fields with identical scores by
the old method but obviously dissimilar in their usefulness for a human
patient” Fig. 1, C & D).

At a meeting of the International Perimetric Society in 1979 (1) it was
concluded that ‘we are faced with a major problem — to specify loss within
a field — where loss is other than simple contraction’. It was recalled that
the I.P.S. had been charged by the Concilium Ophthalmologicum Universale
with development of a standard for measuring field loss — and to do it soon.

In 1967 a new system was devised in the form of grids (2, 3) which in-
cluded function as 2 main criterion (Figs. 2 & 3). It proposed the thesis, which
was soon generally accepted, that human activity in modern society made

Doc. Ophthal. Proc. Series, Vol. 26, ed. by E L. Greve & G. Verriest 373
© 1981 Dr W Junk by Publishers, The Hague



1B

AMA. SCORE
T 75

DT, 10

D. 8 \\\ Q ,
DN IO : A
N 48 DAV ’ \.
UN.45 DA\ o \

, A

\\ &\\\
lower fi
58%

oss of upper field. B. Loss of low eld
hod, area scores are an identical 58%,

U 42 l\\ 2 A T T L LI CHE ST NN S
UT. 50 &\\\ ; \ = L NN : N \ \§
2,8_58 \\ \§§§ \ \ D \ N s S
=5 A
576% \
' W
\\\ D N
fotally nreali

ung

alistic from a function:



1C Peripheral field

aiEEL S
N 5::::.::5 A

@ Qe [Pa B ESTERMRN

1D Peripheral field

N

Ry
@ (ape |>< ¥ . ESTERmRN

Fig. 1. C. & D. Grid scores, by new method are 58% and 37% functionally realistic.

375



Table 1. Minimal normal extent of visual
field from point of fixation.

Degrees
Temp 85
Dn & Temp 85
Dn 65
Dn & Nas 50
Nas 60
Up & Nas 55
Up 45
Up & Temp 55
500
+ s
Score 100%

From: Amer. Med. Assoc., Guides to
Evaluation Visual System.

certain parts of the field more valuable than others — the paracentral area
more than the periphery; the lower half more than the upper; and the area
along the horizontal meridian more than all the other meridia.

MATERIAL AND METHODS

A three year study included perimetric and functional evaluation of three
hundred patients in the glaucoma clinic of the Manhattan Eye, Ear and
Throat Hospital, plus the services of a mathematician and statistician, simple
experienced clinical judgment and prior trial of 34 earlier grids, soon dis-
carded as unsuitable. The 35th pair of grids proved suitable both for the inter-
meridate (25°) (tangent screen) field and for the full (perimeter) field.

This grid is, in effect, a relative value scale because it assigns, to each part
of the field, a value relative to the rest of the field and to its importance for
the visual effectiveness of the patient. It achieves this by dividing the normal
standard (100%) isopter into 100 UNequal units, each worth 1% (Figs. 2 &
3). Naturally, the units are smallest in the most important parts of the field;
they increase in size (while each unit retains its value of 1%) becoming
largest in the least valuable parts of the field. A simple count of the 1% units
within the seeing part of the field yields the direct score in percent.

Advisedly, the central area is omitted from scoring because it is already
adequately expressed by the Snellen scale. The test object used as a standard
is of sufficient size and brightness to be easily detected by a patient of average
intelligence and alertness (1/2° white for the perimeter — as in the former
AM.A. standard; for the tangent screen, 2 mm white at 1 meter). This does
not, by any means, rule out smaller or fainter stimuli used, in addition, for
more delicate diagnostic plotting, static or dynamic. But for scoring, a work-
able stimulus must obviously be uniform and would, along with what con-
stitutes a normal (100%) isopter, be determined by each country or by a
world organization.
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The central area 1s not scored because it 1s expressed by the
Snellen score. There are 104 units, of which 4 are eiminated by
either normal blind spot. Of the remaining 100 units, each unit
scores 1%. The central dot in each unit makes counting easier.

Dots to be counted must lie wholly within the seeing field.
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Fig. 6. Tangent Screen Field: A. Advanced glaucoma

B. Within the central rectangle = 28
Outside of central rectangle = 11
Score 39%
Visual fields

Fig. 7. A. Same field as Fig. 6 in area, but inverted:
B Central rectangle: 48 —5 = 43
Outside of rectange 13

Score 56%
Compare with Fig. 6. Greater functional value is reflected in its higher score.

DISCUSSION

Two years after publication, the grid was approved by the American Com-
mittee on Optics and Visual Physiology, which consists of representatives of
the American Academy of Ophthalmology, the Association for Research in
Vision, the American Medical Association and the American Ophthalmological
Association. They recommended to the A.M.A. that the new scale be made

the official standard for the U.S.A. More recently it has been adopted as the
379



official standard for Belgium and the French now use a simplified, more
approximate version of the same.

After ten years of increasingly widespread use, the grid has proved to be
functional, workable, reproducible, and adaptable to almost all kinds of field
charts and to most perimeters and tangent screens. With equal ease, it scores
not only concentric contraction of the periphery (Fig. 1), but also irregular
contractions (Figs. 4 & 5;6 & 7) scotomata of any size or shape wholly within
the field, even ring scotomata — all of which have been characteristically
difficult to score by the old method. It is so simple (no calculations are
needed because these are already built into the grid) that an untrained aide
can score a plotted field in less than a minute — saving the valuable time of
more highly trained personnel. And it is sufficiently cheap that, by printing
30,000 at a time, the Manhattan Eye and Ear Hospital (which distributes
them to oculists, clinics and government agencies throughout the U.S.) has
been able to sell them for eight cents apiece and use the profit to fund a
lectureship.

Most important, prior to publication, its accuracy was tested by twenty of
the senior ophthalmologists at the same hospital, doing 2000 scorings of 50
diverse fields. Agreement came within 10% of the actual score 1862 times out
of 2000, a very satisfactory correspondance (93%) for a test susceptible to
much human inaccuracy. Still better, most of these opthalmologists volun-
teered the observation that use of the grid, after plotting the field, gave them
a heightened awareness of what that field loss meant to patients in terms of
human function within their environment.

SUMMARY

In the 10 years since they were approved as standard for the U.S. by the
American Committee on Optics and Visual Physiology, the new grids for
scoring the plotted field have gained increasingly wide acceptance.

Unlike all previous methods which were based on area alone, the new
system’s greatest asset is that it stresses finction, using a built-in relative-
value scale which requires no calculation or highly trained personnel. It is
accurate, fast, reproducible and cheap. It is easily adaptable to any size field
chart, to almost all tangent screens or perimeters and should be a valuable
adjunct to the newer automated perimeters.
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A PROCEDURE FOR THE COMPUTER CODING
OF VISUAL FIELDS

S.S. HAYREH, R. F. WOOLSON & J. A. KOHLER

(lowa City, Iowa, US A )

ABSTRACT

Perimetry is of great diagnostic significance in the evaluation of visual function. In order
to summarize statistically the visual field information we have developed and tested a
procedure for computer coding and retrieving the peripheral visual fields as well as the
size, shape, orientation and location of scotomata with the use of a mechanical instru-
ment These data are manually transcribed onto a computer-coded data form for calcu-
lation of numerical data and computer plotting of fields In this paper these numerical
data are compared to ratings of the fields made by three clinicians in our clinical studies.
The fields are ranked from worst to best by each clinician on each of eight characteristics:
central scotoma with I/2e, I/4e and V/4e; overall assessment of central scotoma; peri-
pheral field with I/2e, I/4e and V/4e; and overall assessment of peripheral field The
rankings are compared between pairs of raters in addition to being compared to the
numerically-derived data Generally, the rankings agreed quite closely with the numerical
data. Various details of these reliability studies are discussed

INTRODUCTION

In a recent paper (2) we have discussed in detail a procedure for coding visual
field data for automated statistical data analysis. This procedure involves the
use of an instrument which we term a ‘scotometer’, whose construction and
method of use is fully explained in the earlier paper (2). The scotometer was
developed in order to convert visual fields plotted on a Goldmann perimeter
into a digital form so that the data could be analyzed and stored by a com-
puter. Essentially, this instrument is a device which facilitates the recording
of the key mathematical and geometrical aspects of elliptically-shaped scoto-
mata. A scotoma is defined in this paper as an area of the visual field in which
no visual function can be detected and which is totally surrounded by an area
possessing some detectable visual function for a target with a given object size
and intensity. A central scotoma is one that includes the central point of the
chart. The scotometer was designed on the premise that every scotoma can be
approximated to an elliptical shape. The only exceptions we permitted were
arcuate defects. This scotometer, we have found, does facilitate the deter-
mination of the key geometrical descriptors of each elliptical scotoma. The
five characteristics which are easily read from the scotometer are: the major
and minor axes’ half-lengths, the angle of rotation that the major axis makes
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with the horizontal meridian, and the two coordinates of the center of the
ellipse.

The scotometer consists of a baseplate (150 mm square) and a freely rotat-

te

ing wheel (135 mm diameter) on top of the plate (see Fig. 1 in Trost ez al., 2).
Using the scotometer, it is easy to record the five characteristics of any
scotoma. A technician then records the observed five figures on a computer-
ready data form. A typical data form which we have used in our studies is
seen in Fig. 12. Other aspects of the visual field such as the peripheral field
coordinates and the coordinates of any arcuate defects are also recorded on
this data form. The data forms which we are currently using in our studies of
the ocular vascular occlusive disorders allow for a peripheral field coordinate
at each 15 degree increment from O to 345 degrees. Arcuate defects are
recorded in each thirty degree sector from 0 to 360 degrees, i.e. 0—30 degrees,
3060 degrees, . .., 330—360 degrees. For the most part we have found this
method of recording peripheral field data and arcuate defect data to be
satisfactory. Additionally, we have found that the approximation of a scot-
oma by an elliptical shape generally approximates the plotted scotoma on a
visual field chart. Of course, this may not be true for visual field data for
other diseases.

The goal in this paper is to determine how well two simple numerical
figures computed from the data in Fig. 1 agree with an ophthalmologist’s
subjective ratings of the fields.

MATERIALS AND METHODS

Sixteen patients with an initial diagnosis of venous stasis retinopathy (VSR)
were selected for this exercise. Most of the patients were in their sixties and
had been receiving either prednisone or placebo treatment for the disorder.
For each patient-visit, three targets were used in plotting the field; I/2e, I/4e
and V/4e. Each of these patients was a participant in a clinical study in which
his fields were plotted at five different times. These times were: 1) the time
of treatment assignment, 2—5) one, three, six and twelve months respectively
after treatment began. We refer to these as visits 1, 2, 3, 4 and 5 respectively
in the sequel. For eight patients all five visits were available, for six patients
four visits were available, while only three visits were available for the remain-
ing two patients.

The fields for a given patient were erased of all patient identification in-
formation and were then arranged in a random order. Three persons were
then asked to rank the fields for a given patient on each of eight character-
istics. The characteristics rated were:

Central Scotoma with I/2e

Central Scotoma with I/4e

Central Scotoma with V/4e

Overall Assessment of Central Scotoma
Overall Assessment of Field with I/2e
Overall Assessment of Field with I/4e
Overall Assessment of Field with V/4e
Overall Assessment of Field
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A rater would rank the visual fields by assigning a value of 1 through 5 to
each field; a value of 1 is assigned to the worst field, and a value of 5 to the
best field. The raters independently ranked each patient’s set of fields in this
mannet. Two of the raters, R; and R,, were board-certified opthalmologists
with expertise in ocular vascular occlusive diseases. The third rater, R;, was a
research assistant who had initially assisted in the development of the field
coding process.

In addition to these subjective rankings of each field, eight summary
numbers were computed from the computer coded data. The first three
summary numbers were the areas of the central scotoma for each of the three

isopters; these quantities were computed via

L A = lsw where A = area of the scotoma
1 = long axis length
s = short axis length.

To provide an overall figure for central scotoma, a weighted average (Ao) of
the three areas, Ay, , Ay and Ay, was computed via

II. Ao - 0.6 AI/2 + 0.3 AI/4 +0.1 AV/4.

The remaining four quantities were also area figures. Three were the areas of
the field in which there was detectable vision (T) for each isopter, I/2e, I/4e
and V/4e. These areas, Ty, , Ty and Ty, were computed in the following
manner:

a. Compute the area of each 15° circular sector of the field (P;) via
P; = (mr?[24) where 1 is the distance from the point of fixation on
the chart to the outer boundary of the isopter.

III.  b. Sum the twelve areas by adding P, +P, +P3; +...+P;, =P

(2}:2 1 P, i~ P ).

c. Subtract from P the areas of the central scotoma, other scotoma
and arcuate defects.

d. This figure is the area of detectable vision for the isopter (T).

Denoting these areas by Ty, Ty and Ty, the overall field area (T,) was
computed via

IV. To=06Ty, +03 Ty +0.1 Tyy.

In the remainder of this paper we focus on the two simple numerical figures,
Ao and Ty. The principle question is simply how well do A, and T, agree
with the raters’ rankings of the fields?

STATISTICAL PROCEDURES

For each patient’s set of fields the central scotoma assessment and the overall
field assessments were analyzed separately. The values of A, and T, were
ranked from worst to best for each patient. These rankings, Ry, were then
compared to the subjective rankings via Spearman’s correlation coefficient (1).
In addition, the raters were compared against one another via Spearman’s
correlation coefficient. For two sets of rankings on a patient, say By, .. ., Bs
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Table 1. Summary of patient visit data and reliability tests.

Visit Reliability
Rating
Patient  scheme 1 2 3 4 5 R, vsR, R, vsR, R;vsR, R, vsR, R;vsR, R,vR,
1 A, 0 442 160 0 0 Dgg 1.5 1.5 0 0 1.5 1.5
T, 5803 5685 5892 6682 6564 Dg 0 2 2 2 2 0
2 A, 0 0 0 0 0 Dcs 0 0 0 0 0 0
T, 5789 5515 5780 6781 6481 Dg 10 6.5 10 2.5 0 2.5
3 A, 15 0 8 312 45 Dgg 20 20 20 0 0 0
T, 3879 4305 4853 5943 6329 Do 2.5 2 2 0.5 2.5 2
4 A, 769 37 60 53 195 Dcg 2 2 6 0 2 2
T, 3568 4394 3600 3259 2987 D¢ 5 8 2 11 S 6
5 A, 101 371 506 335 268 Dgg 2 2 2 0 6 6
T, 4150 2027 5146 2696 2488 Dg 6.5 12 14 2.5 7.5 2
6 A, 28 0 0 0 0 Dcg 0 0 0 0 0 0
T, 4930 6984 6572 7203 6465 Do 10.5 5 6 4.5. 3.5 5
7 A, 0 28 47 15 32 Dcg 10 10 10 0 0
To 4870 5150 5159 3040 2741 Do 2 8 6 2 2 2
8 A, 200 131 19 68 38 Dgg 1625 15.5 20 5 7 5.5
T, 3334 4741 3028 5256 4275 Dg 2 2 2 0 0 0
9 A, 40 0 32 34 - Des 6.5 8 8 0.5 0.5 0
T, 4316 5054 3395 2968 - Do 2.5 2.5 0 2.5 2.5
10 A, - 99 299 240 152 Dcg 8 2 0 6 8 2
T, - 4409 3157 3216 4016 Dg 8 5 0 5 8 5



g8¢

11 A, 34 34 19 11 — D¢g 0.5 0.5 0.5 Q Q 0
T, 2849 2142 1200 3409 - Do 8 2 0 6 8 2
12 A, 92 30 22 17 - Dcg 2 2 6 0 2 2
T, 4190 5116 4225 4942 - Do 0.5 0.5 2 0 0.5 0.5
13 A, 0 28 0 0 - D¢s 1.5 6 1.5 8.5 3.5 6
T, 4778 5078 5654 5401 - Do .75 0 10.5 0.75 6
14 A, _0 212 720 586 - Dgg 2 0 2 2 6 2
T, 5077 4293 1967 3008 - Do 2 2 0 0 2 2
15 A, 55 18 166 - — Dcs 2 2 2 0 0 0
T, 3217 4012 4611 - - Do 3.5 2 0.5 2.5 2
16 A, 11 17 11 - — Des 1.5 1.5 0.5 0 2 2
T, 3719 3959 6463 - - Do 2 2 3 0 1 1
Summary — Deg x?(32) 64.19 67.74 68.34 101.57 83.95 89.99
Summary — Dg x*(32) 59.94 58.29 78.85 75.65 69.69 72.81
Notes
A nd T ara tha vahiacg F a arane nf rantral anntam nd norinharal fFalde raonantivals Angnri ihad 1 tha tavs (Cas TT and TN
fig and 14 4alv Uil vdiudss OL i€ aréas C1 centrar scotom N4 peripnacrai 110145 ICSPECUvVeELY, a8 GCsCrivea il i X1 (ot 1 afa 1v ).

R, R,,R,,and R, are the ankmgs of the objective data, rater 1, rater 2 and rater 3 respectively.

D¢g and Dg are D computed values for the rankings on the central scotoma and peripheral fields respectively as described 1n the text (See V).



and C,, ..., Cs, we computed the statistic D by summing the squares of the
differences between the rankings.
V. D = i, (Bi"ci)2
and under the hypothesis of no association between the rankings, determined
its P-value from the tables of Spearman’s correlation coefficient. Then sum-
ming —2 log, (P-value) across patients, a chi-square statistic with 32 degrees
of freedom arose for testing the hypothesis of no correlation between the
rankings. The actual test statistic was then the standard normal deviate Z
which arose by computing
X2 —32

8
where X? is the chi-square statistic computed across the sixteen patients.

VI. Z =

RESULTS

The left half of Table I shows the numerical rankings of the central scotoma
and peripheral field for each patient. It should be noted that in the case
where two or more scales were tied, the mid-rank was used. For example, in
patient 1 in Table I, A, values for the five visits were 0, 442, 160, 0 and 0
respectively. Thus in order of ranking of these visits, their score would be 1
for visit two, 2 for visit 3, while the other three visits have a tied ranking
because of identical scores. The visits with tied ranking would normally have
scored 3, 4 and 5. Since the actual score for these three visits was the same,
we assigned an average score (mid-ranking) to each of these three visits by
summing up the total normal score (i.e. 3 +4 + 5 =12) and dividing it by
the number of these visits, i.e., three; this then gives a rank of 4 for the visits
1, 4, and 5. Thus the final ranks for visits 1, 2, 3, 4 and 5 in this patient
would be 4, 1, 2, 4 and 4 respectively. Similarly, the same procedure was
used for computing mid-ranks for tied subjective rankings from the individual
raters.

The right half of Table 1 shows the degree of differences (D¢, for differ-
ences in central scotoma and Dg for differences in peripheral field rankings)
between all possible pairs of rankings (R, through R;) for each patient. It
can be seen that the subjective ratings (R, through Rj) agreed quite closely
with the ranks of the numerically derived data. For central scotoma the Z-
values computed via (VI) were 4.024, 4.468 and 4.543 for raters 1, 2, and 3
respectively when compared to the numerical data rankings. The comparable
Z-values for the overall field assessments were found to be 3.493, 3.286 and
5.856 respectively. When compared to the standard normal curve, each of
these six statistics is highly statistically significant (P < 0.001 for each stat-
istic). In a similar manner the tests for the agreement between pairs of sub-
jective ratings are also strongly indicative of concordance or agreement
between the subjective ratings.
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DISCUSSION

From these data it appears that the two simple visual field measures, Ay and
T, correlate quite highly with the rankings of visual fields made by ophthal-
mologists. This suggests that these two quantities may be useful in the longi-
tudinal analysis of visual field data. With the use of a computer these figures
would be easier to track longitudinally than a continual subjective assessment
on the part of an ophthalmologist.

A further study was also performed to see how well the quantity T, cor-
relates with an ophthalmologist’s ratings across patients. For this study one
field was selected at random from each of the sixteen patients’ array of fields.
The two ophthalmologists, R; and R, , then ranked the fields from 1 to 16 on
the basis of the overall field assessment. These rankings were then compared
to the computed values of Ty. In Fig. 1 the raw data are plotted and the cor-
relation coefficient determined. Each of the three pairwise coefficients is
significant at P < 0.001, indicating that inter-patient rankings of fields also
correlate highly with the numerical figure T,.

While further work is certainly required, these data do offer the hope that
these simple numerical figures may be valuable in the assessment of visual

fields.
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ABSTRACT

Comparisons of glaucomatous perimetric defects and ophthalmoscopical changes of the
optic disc and of the peripapillary area have already been reported by other authors.
These studies are generally based on subjective evaluations that greatly reduce the re-
Hability of the results. The elaboration of red free light photograms and angiograms by
an image processor offers an objective method of evaluating disc pallor and hypo-
fluorescence. The correlation between these findings and visual field defects are shown.

INTRODUCTION

The correlation between perimetric defects and morphologic and angio-
graphic findings in the papillary area has been previously studied (1—9). Sub-
jective interpretations, on photographic findings, have certainly influenced the
data up until now. In the present study, the relationship between visual field
defects and the following factors has been evaluated by an objective method:

— Disc pallor.
— Fluorescein injection defects in the optic disc.
— Fluorescein injection defects in the peripapillary choroid.

MATERIAL AND METHOD

Black and white photographs were taken in red free light and fundus fluoro-
angiographic studies were performed on 15 normal and 15 glaucomatous eyes.
The glaucomatous eyes had perimetric defects in one quadrant.

In order to obtain % uniform illumination of the papillary area the fundus
camera was centered exactly on the disc. The wide angle (45°) lens guaran-
teed a good focusing of all the papillary planes.

The photographic and the angiographic negatives, taken in the arterio-
venous phase, were displayed on a monitor. An image processor selected, on
each photogram, up to 10 levels of grey and assigned an arbitrary colour to
every single level (10).

The method allowed for an objective evaluation of the photograms.

The colour scale made this evaluation easier as a consequence of the
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Fig. 1.

A. Photogram computerized elaboration of the optic disc in a glaucomatous patient.
B. The angiogram computerized elaboration.
C. Corresponding perimetric findings.
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chromatic and intensity graduations. The visual field examination in each
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nance = 31.5asb) with the kinetic method.

RESULTS
Normal eyes

In 11 cases, an area of major pallor corresponded to the central portion of the
disc; in 4 cases, it also corresponded to a part of the rim. In 3 cases, hypo-
fluorescent areas were seen, not exceeding 1/4 of the disc surface. The local-
ization of these areas did not correspond to pale zones of the disc. In 3 cases
there were wide areas of peripapillary background hypofluorescence.

Glaucomatous eyes

In all cases examined, areas of pallor were seen both in the central portion
and at the rim of the disc. The pale areas were located in one or more sectors
of the rim. In all cases, limited areas of hypofluorescence were present in dif-
ferent sectors of the disc. In each case a good correspondence between hypo-
fluorescence and pallor zones could be observed. In 7 cases, choroidal filling
defects were found in the peripapillary area. The pale areas and rim fluor-
escence defects were not always correlated with a visual field defect. When
pallor and hypofluorescence were present in the same district of the papillary
rim there was always a perimetric defect in the corresponding sector (Fig. 1a,
b,c). In no case could a correlation between choroidal injection defects and
perimetric alterations be detected.

DISCUSSION

From the results of our studies, the following conclusions can be drawn:

— Papillary rim pallor and zones of papillary and peripapillary hypofluor-
escence do not necessarily seem to be correlated with visual field defects
when they exist as isolated signs.

— Pallor and hypofluorescence, concomitant in the same portion of the disc,
must be considered as a significant index of the existence of a visual field
defect, probably due to a severe vascular disturbance.

— Both these signs can be evaluated in a reliable and objective way only when
the photograms are analyzed by a quantitative densitometric method.
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THE NORMAL PERICOECAL AREA
A static method for investigation

M. ZINGIRIAN, G. CALABRIA, E. GANDOLFO & G. SANDINI

(Genoa, Italy)

ABSTRACT

A careful perimetric assessment of the pericoecal area is quite important since it is often
considered the site of earlier glaucomatous defects. The results of such examination by
means of classical techniques are however made unreliable by several factors as the pres-
ence of the blind spot, the coecal funnel, the angioscotomata, peripapillary chorioretinal
degenerations, especially found in myopic eyes, etc. ... . For these reasons we analysed
the distribution of the luminance threshold in the pericoecal area of normal subjects,
using single static stimuli, closely arranged around the blind spot. Special attention was
paid to the convenience of presenting data in a numerical or in a graphical form (grey
scales, colour scales, multiple static profiles, etc. . . .).

INTRODUCTION

Inter-individual variability of the light sensitivity in the pericoecal area is well
known (1, 2, 3). An accurate static analysis of this area in normal subjects
and a densitometric evaluation of the results has allowed us to obtain further
information on the physiological distribution of luminance threshold around
the blind spot.

MATERIAL AND METHOD

20 normal emmetropic right eyes in 20 subjects, whose ages ranged from 20
to 30 were examined using the Goldmann perimeter (background luminance =
31.5 asb) by the following procedure.

105 stimuli positions evenly arranged in the pericoecal area (as shown in
Fig. 1) were statically analyzed. For each position the target I of the Gold-
mann’s series (1/4 mm?) was presented three times for each luminance level.
The target luminance was initially subliminal and then gradually increased by
steps of 0.1 L.U., until the threshold was reached. We considered threshold
the luminance level perceived at least twice for every three presentations.

The results of each examination and the mean values derived from all
individual measurements in each position were plotted on suitable graphs.
Five representation methods were used: numerical scales (Fig. 2), proportional
surfaces (Fig. 3), grey scales (Fig. 4), conventional colour scales (Fig. 5) and
multiple static profiles (Fig. 6).
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cal area.

Fig 1. Stimuli distribution in the pericoe

Fig. 3. Proportional surfaces.
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PERICOECAL VISUAL FIELD

Name: CARLO TRAVE
Age: 26
Day: Sept 14th,1
Diagnosis: Normal
Right Eye
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Fig. 5. Conventional colour scale.
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Fig. 6. Multiple static profiles.

The most indicative results were obtained from the grey scales and from
the conventional colour scales representations. In the latter the density and
chromatic gradations made the distribution threshold more easily interpreted.
This kind of representation required previous data storage in an image pro-
cessor and a subsequent reproduction on the visual display. The procedure
also allowed us to obtain an equidensitometric evaluation of the results, i.e.
the extraction of the stimuli positions corresponding to the same threshold
level or to a limited interval of levels.

RESULTS
1. Individual threshold distribution

Every pericoecal graph shows in the middle portion three to six positions
where the sensitivity is completely lost. These positions correspond to the
absolute density nucleus of the blind spot. Around these positions some high
threshold points clearly reveal their relationship with the relative density ring
of the blind spot. Above and below the blind spot the gradient appears very
irregular as a consequence of localized sensitivity depression in single points
or in groups of confluent points. These confluent points tend to arrange
themselves primarily along the parallels, but not necessarily those parallels
that cross the blind spot (Fig. 7). If a limited interval of grey levels is isolated
from the total data of one examination, we can observe more accurately how
discontinuous the sensitivity gradient is from the central to the peripheral
border of the pericoecal area (Fig. 8).
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Fig 7. Pericoecal threshold distribution in four normal right eyes (grey scales
representation)
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Fig. 8. Pericoecal area of a normal eye. A limited interval of grey levels was isolated.

Fig. 9 Tsopteric-like reproduction of light sensitivity in the pericoecal area (the same
case as in Fig 8).
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Finally, the representation of all grey levels above a selected luminance
enables us to obtain isopteric-ike reproductions of the irreguiar threshold
distribution above and below the blind spot (Fig. 9).

In reference to the individual gradient, the localized maximum sensitivity
fall detected in the pericoecal area was 1.0 L.U.

2. Mean threshold distribution

The mean resuits derived from the examination of 20 normal eyes are dis-
played in Fig. 10 (grey scale). Due to inter-individual variations, only three
positions of the diagram correspond to the absolute nucleus of the blind spot
and three to its relative density ring. Above and below the blind spot an area
of irregular sensitivity depression occupies the peripheral two thirds of the
pericoecal area. Below the blind spot the points of low sensitivity are more
concentrated in the middle portion and along the peripheral border of the
pericoecal area with a strip of higher sensitivity in between. The mean localized
sensitivity reduction is 0.3 L.U. with a s.d. of 0.2. The localized maximum
sensitivity fall is 0.6 L.U. Isopteric reconstructions, based on equidensito-
metric analysis, indicate the shape and the maximal extension of the areas of
reduced sensitivity (Fig. 11).

Fig. 10 Mean threshold distribution in the pericoecal area (grey scales representation).
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Fig. 11. Mean threshold distribution in the pericoecal area (isopteric-like representation).

CONCLUSIONS

The present investigation does not propose a new exploration method for the
pericoecal area, but attempts to verify the distribution mode of sensitivity
threshold in this area in normal subjects.

The reduced sensitivity above and below the blind spot is correlated to but
not completely explained by the presence of angioscotomata. Probably the
particular enlargement mode of the coecal funnel toward both the superior
and inferior direction is another explanation for this irregular threshold distri-
bution.

This particular behavior of the sensitivity gradient in the pericoecal area
often makes perimetric findings difficult to interpret. Many isolated de-
pressions in the static profile above and below the blind spot; some para-
central isopteric irregularities in the temporal quadrants and the exclusion of
the blind spot itself are sometimes erroneously interpreted as pathological
signs.
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The only reliable element in these cases can arise from the quantitiative
assessment of the sensitivity reductions.

On the basis of our investigation localized sensitivity reductions in the
pericoecal area with a maximum density of 0.6 to 0.8 L.U. can be assumed
to be still within physiological limits. The width of these low sensitivity areas
is very large, until above 8° to 10° for slight sensitivity depressions (0.2 to
0.3 L.U.), being more restricted (from about 2° to 3°) if the sensitivity de-
pression is deeper (0.6 to 0.8 L.U.),

These variations in width are still larger when the areas of reduced sensi-
tivity extend along the parallels. Of course further experimental confirmation
of these results is needed before definitive conclusions are drawn.

REFERENCES

1. Benjumeda, A. S. Rodriguez Rubio & J. D. Campos. Perimetria estatica circular
seriada. Topografia normal de la mancha ciega. Arch. Soc. Esp. Oftal. 34: 635—
644 (1974).

2. Greve, E. L. Single and multiple stimulus static perimetry; the two phases of peri-
metry. Doc. Ophth. 36: 147—-155 (1971).

3. Ourgaud, A. G. & L. Aubert. Adaptometrie topographique circulaire chez le sujet
normal. Bull. Soc. Opht. France 59: 528-532 (1959)

This study was supported by a grant from the Consiglio Nazionale delle Ricerche, Roma,
Italy

Authors’ address:
University Eye Clinic
Viale Benedetto XV
16132 Genoa

Italy

403



Adamczyk, R. 25
Barca, L. 359

Bebie, H. 9
Blondeau,P. 111
Burtolo, C. 127
Calabria, G. 107,287
Campos, E. C. 103
Cardillo Piccolino, F. 389
Ciurlo, G. 107,127
Coughlan, M. 345
Crick, J. C.P. 233,239
Crick, R. P. 233,239
Dalen, J. T. W. van 79
Dannheim, F. 71,97, 333
Dean Hart, J. C. 323
Drance, S. M. 43,155
Dunn, P. M. 193,199
Enoch, J.M. 293
Esterman, B. 373
Fankhauser, F. 9, 33
Fassler, A. 11
Finkelstein, D. 219
Fitzgerald, C. R. 293
Flammer, J. 33
Foulds, W. S. 269
Friedmann, A. 1. 207, 345
Friedrich, F. 329
Fulmek, R. 329
Gandolfo, E. 107,287
Genio, C. 207
Gloor,B.P. 11
Glowazki, A. 33
Gramer, E. 19

AUTHORS INDEX

Greite, J.-H. 25,57
Greve,E. L. v, 17,79
Hamazaki, J. 1
Hamazaki, S. 1
Hansen, E. 315
Harasawa, K. 119
Hayreh, S. S. 381
Hedin, A. 161

Heijl, A. 43
Herzau, V. 131
Hohki, T. 247
linuma, I. 215
Ikeda, M. 247

Imachi, J. 279

Inui, T. 139

Irie, J. 185

Isayama, Y. 147
Jacobson, S. G. 103
Johnson, C. A. 49, 305, 334
Kani, K. 139,279
Keltner, J. L. 49,305,334
Kikuchi, G. 1
Kitahara, H. 185
Kitahara, K. 185
Kohler, J. A. 381
Kosaki, H. 253
Kirieglstein, G. K. 19
Lakowski, R. 193,199
Leydhecker, W. 19
Maeda, S. 351, 365
Marmion, V. J. 227, 265
Mascia, C. 85

Massof, R. W. 219

405



Matsuo, H. 1
Matsuyama, S. 351
Matsuzaki, H. 185
Mimura, O. 139
Miyamoto, T. 119
Mizokami, K. 147
Moser, H. R. 33
Miiller-Jensen, A. 71
Nagata, K. 351
Nagel, G. 33
Nakatani, H. 337
Natsikos, V. E. 323
Neuhann, T. 57
Ogita, Y. 279
Ohta, Y. 119
Onuma, T. 147
Otori, T. 247
Phelps, C. D. 111
Raistrick, E. R. 323
Remijan, P. W, 111
Rolando, M. 389
Ronchi, L. R. 359
Rossi, P. 107, 127

406

Schmidt, U. 11
Schrems, W. 19
Schwartz, B. 91
Scobey, R.P. 63
Serra, A. 85
Shirakawa, A. 185
Spekreyse, H. 79
Sonty, S. 91
Sotani, T. 279
Suzuki, E. 1
Suzuki, N. 337
Suzumura, A. 259
Tagami, Y. 147
Temme, L. A. 293
Thompson, H. S. 313
Tomonaga, M. 119
Usuba, S. 351
Verriest, G. V. 161
Woolson, R. F. 381
Yamada, M. 1

Zingirian, M. 127,287, 389, 393

Zschocke, S. 71
Zumbansen, H.-P. 25



	Title page
	Fourth International Visual Field Symposium
	Introduction
	Table of Contents
	Part one: Computer assisted perimetry
	Part two: Psychophysical and visually evoked electrical responses
	Part three: Special psychophysical methods
	Part four: Colour perimetry
	Part five: Instruments and strategies
	Part six: Optic nerve
	Part seven: Visual field defects in various diseases
	Part eight: Varia
	Authors index
	Return to Navigation Menu

	Return: 


