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The Octopus Glaucoma G1 Program
.]. FLAMMER, NrlD, F. JENNI, H. BEBIE,, PhD, and B. KELLER, PhD

The principaL features and the clinic_al applica-
tioni of the neut Octopus glaucoma Gl prowam
are döscribed. The Gl is a fast program for
screening and fully quanttfying uisual f.eld
defects. 

"lt 
allotus 

'separate 
quanttfication. "f

diffuse damage, locaL scotomas, and fluctuation.
Iltests predominantLy the central area and to a
lesser extent the periphery up to an eccentricity
of 56 degrees.

A tuto-Leuel strategy for the periphery is

combined uith an Octopus normaL strategy for
the central area. The uisual JieLd tndices are
calculated immediately after the test and aLlota

an easy comparison taith normal uaLues and
utith preuious examinations.

The diagnosis of chronic open-angle glauco-
I ma ia based on findings of increased

intraocular pressure (IOP), characteristic mor-
phologic changes in the optic nerve head and
ihe nerue fiber layer, and more or less typical
changes in psychophysical test results.

Several such psychophysical tests have been
shown to be useful in the diagnosis of glaucoma
and glaucoma suspect, such as color vision and
contrast sensitivity. None of these tests, howev-
er, has been able to replace perimetry, which at
present is still the most important psychophys-
ical parameter for the diagnosis and follow-up
of established and suspected glaucoma. A fur-
ther development of glaucoma perimetry,
therefore, is still of great interest. It is the
purpose of this article to describe a new
äpproach fgr m9a1u1!ng 11d quantifying glau-
comatous visual fields with the help of auto-
mated perimetry.

If new methodology is introduced in science,
there is a resulting interaction between the
knowledge gained and the corresponding tech-
nology involved. In regard to glaucoma perim-
etry, 

.this 
means that new methods, used to

measure visual fields, such as static quantita-
tive automated perimetry, have provided new
insights into glaucomatous visual field charac-

teristics, and this in turn gives rise to new

methods of measurement and evaluation'
Befote describing these new methods, we

mention very briefly some of the milestones in
the development of glaucoma perimetry.

HISTORICAL BACKROUND

In 1889, Bjerrum,l using a tangent screen on
the back bf his examination room door,
described the arcuate scotoma. Ronne2

described the nasal step in 1909. In 1933, Sloan
and colleagues3 introduced static_perimetry,
which ,"as further evaluated by Harms and
Aulhorn.o In 1945, Goldmanns standardized
the examination parameters for quantitative
perimetry. This läd to the description of the

älassical glaucomatous visual field defects, quch
as paracäntral scotomas and the nerve fiber
bundle-shaped defects. ln 1,97 2, Armaly6. intro-
duced the combination of kinetic perimetry
with suprathreshold static testing oJ thq most
vulnerable areas of the visual field for glauco-
ma. In 1977, Werner and DranceT described
increased scatter as a precursor of a definitive
visual field defect.

In 1966, Dubois-Poulson and Magis8 intro-
duced automated perimetry, which was then
further developed ät several centers. Fankhaus-
er and co-*oikerse must be credited with the

development of the most sophirsli6ated auto-
mated^ perimetry system, which tlr.y. called
Octopui. They introduced new standards, such
as background illumination and exposure
time,10 and developed a repetitive staircase
method for the thrCshold determination of the
differential light sensitivity.ll

A more dätailed study of visual fields of
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perimeter; a program such as this will be

described in this article.

THE CONCEPT OF THE OCTOPUS
GLAUCOMA G1 PROGRAM

The G 1 program was designed to be so easy

and fast' thät it could serve as a routine
program in clinical practice. and, at th9 same

ii-ä, so accurate and sophisticated that it could
be used for scientific itudies. The following
basic features characterize this program'

The Test Grid
The G1 program has 73 test locations (Figure
1). The nrmber of test locations always has to

b; considered as a compromise between the

spatial resolution desired and the test time
available. As the area of the inner 30 degrees is

considered to be most important for glaucoma,
59 test locations are in- this area. To avoid
scotomas caused by correction lens edges, these

59 test locations are within 26 degrees, instead

of the traditional 30 degrees. The grid is denser

around the center in order not to miss paracen-
tral scotomas. The blind spot area is not tested

for two reasons. First, the test of the blind spot

area does not contribute essential information
in the static glaucoma perimetry in our experi-
ence; secondl the results interfere irregularly
and unpredictabty with the data evaluation
applied.

Fourteen test locations are in the peripheral
and midperipher al area out to an eccentricity.of
56 degrees. They are more concentrated on the

nasal"side for tt e detection of a peripheral
nasal step.

Test Strategy
At the 59 äntral test locations of the G1

Drosram. the threshold of the differential light
senfitirity (DLS) is measured with the so-

called Octopus normal strategy. This is a

staircase bracketing procedure. The 14 periph-
eral test locations, however, are tested by a fast

two-level test. In addition to these two kinds of
strategies, the G1 program has, like all the
Octopus programs, iatch trials built in.

Data Processing
The striking new feature of the G1 program is

the data evaluation method. The computer
calculates, automatically and without addition-
al inconvenience to the patient or perimetrist,
the visual field indices.rT The calculation and

Figure 1. Test grid of the Octopus G1 program. The
tesl locations are more concentrated near the center in
order to detect small paracentral scotomas. The area of
the blind spot is not tested. None of the test locations is

on the horizontal or vertical axis, except the central
point, to detect horizontal or vertical steps. There is an

increased number of test locations on the nasal part of
the periphery to detect peripheral nasal steps.

normal personsl2 and those rvi!|. glaucomal3
was now possible. The most striking findings
were the äccurrence and clinical relevance of
unspecific changes in glaucoma, such as diffuse
damage,lo increäsed short-term and espjcially
long-örm fluctuatior,rS and fatig-ue effects.16

While all such changes have already been

observed with the help of manual perimetr|,
automated perimetry has emphasized the rele-
vance of such information.rT In the meantime,
the methods for data evaluation have been

further developedls and have led to new param-
eters that charäcterize visual fietds as a whole.le
With the help of a few numbers that have been

designated 'evisual field indices,"- th-. glo.bal

chaäcteristics of a visual field can be described
quantitatively. These indices have been tested
wittr the help of the Octopus J0 program in
normal persäns and thosä with glaucoma."
The indices allow quantification and a separa-
tion of diffuse damage, local scotomas, and
increased scatter; they facilitate the follow-up
of visual fields.2o

After the major characteristics of glaucoma-
tous visual fields were established and the new
methods to quantify these defects were intro-
duced, it was time for the introduction of a new
glaucoma program on the Octopus automated
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TAbIe CLINICAL MEANING OF VISUAL
FIELD INDICES

MS
MD
LV
CLV

Q,
SF
RF

Mean sensitivity
Mean damage

Loss variance
Corrected loss variance
Skewness

Short-term fluctuation
Rate of false responses

the clinical meaning of these indices have been
described in detaille and are summarized in the
Table. The basic object o[ these indices is a
separation of diffuse damage from local scoto-
mas and a separation of local deviations due to
scatter from those due to real scotomas. Fur-
thermore, these indices permit a clearly defined
quantification of the visual field and, therefore,
easy comparison with normal persons and with
previous visual fields.

Extensive studies on normal persons are a
prerequisite for meaningful use of the visual
field indices. The basic concept behind the
indices is an application of statistical principles
to the visual field, such as the calculation of
components of variance.

More than 500 normal eyes were measured,
therefore, at 12 university centers with a pre-
liminary version of the Octopus G1 program
before the final version was released. This was
done in order to determine the normal ranges
of the visual field indices more precisely and to
know their distribution in normal persons as a
function of age. The normal ranges of the
indices depend sensitively on examination con-
ditions and can be translated to other Octopus
programs only with some difficulty. Their
direct application in other types of perimeters
is not possible.

Test Sequence
In a first phase the Octopus G 1 program
quantitatively measures the DLS at the 59
central test locations (Figure 2). The computer
then does a first analysis of the results by
calculating the mean damage (MD) and loss
variance (LV). The results are given to the
operator. If both indices are well within the
normal range, the computer recommends that
the examination continue directly with phase 3,
which measures the 14 peripheral test locations
with a two-level test. The same is recommend-

ed if LV is far outside the normal range. This
indicates that scotomas are definitely present in
the patient's visual field. However, if LV is
borderline, it is recommended that the exami-
nation proceed with phase 2, which is a quan-
titative retest of the 59 central test locations.

After this retest, the computer calculates the
short-term fluctuation (SF) and corrected loss
variance (CLV). Local deviations due to scatter
can now be differentiated from deviations due
to scotomas.

The technician has, however, the opportuni-
ty to do the second phase for other reasons. For
instance, he or she may be interested in more
exact results for follow-up or studies such as

the effects of certain drugs.
Furthermore, between the different phases,

the patient has the opportunity to relax for an
arbitrary length of time. In our experience,
patients have appreciated being measured with
G 1 program.

Phase 3 can, of course, be cancelled if the
information from the periphery is not
required.

Printout of the Results
The basic concept of the G1 program printout
is to have all the information needed for a

routine application on one sheet of paper. This

Neosurement Strotegy Test oreo Doto evoluoti0n

enose @ N center

onolvsis @

N center

2- L test per iphery

onolvsis @

' Phose @ is not necessorv if onolvsis @ reveols

cleor pothologicol or cleor normol results,

" Phose @ con be omitted if the Deripherv is of no interest,

Figure 2. The test sequence of the G1 program
presented schematically. After phase 1, an initial com-
puterized analysis of the results is dohe (analysis A).
Based on these results, the perimetrist may continue
with phase 2 or go directly to phase 3. At the end of the
measurement, the final analysis (analysis B) is done and
all the indices are calculated. Phases 1 and 2 measure the
central area quantitatively; phase 3 measures the periph-
ery with the help of a two-level test.
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Figure 3. Example of a visual field of a glaucoma
patient measured with the G1 program on the Octopus
model 201. The visual field is presented graphically in
the upper half. A black spot means an absolute defect
and a cross indicates a value within the normal range
(normal value, -4 dB). The numbers indicate the
deviations of the measured threshold from the age-
corrected normal threshold expressed in decibels (dB). In
the lower part, the visual field indices are represented.

means that there is some kind of graphic
representation combined with a table of the
indices on one sheet. The technician can choose
the type of graphic presentation he or she finds
most useful. As an example, Figure 3 shows the
result of a glaucomatous visual field displayed
with the help of a printout mode called CO
(comparison table). The results of the periph-
ery are shown with symbols as are those in
the central area if the outcome is within the
normal range (> normal value, -4 dB) or if
there is an absolute defect. In relative

scotomas, numbers indicate the deviation of the
measured values from the age-corrected normal
values.

Below the graph the indices are displayed:
first their normal ranges, then the results of the
first and the second phase (when necessary),
and finally the indices as obtained if both
phases are measured.

Optionally, gray scales can also be selected.
Moreover, a listing of the exact results on each
phase at each test location can be obtained in
the NL (numerical list) printout mode.

The print modes refer to Octopus models
201 and 2000. With Octopus 500, the printout
is organized differently; however, basicaliv the
same information is provided.

APPLICATIONS OF THE G1 PROGRAM

Indication for Program Use
The Octopus G 1 prbgram has been developed
as a routine program for glaucoma. It has been
tested extensively in hundreds of normal per-
sons and thousands of patients with either
suspected or established glaucoma. It is used at
preient in a number of scientific studies for
öomparisons of visual fields with other psycho-
phyiical tests and also with morphologic alter-
ations.

With the present wide clinical use of this
program for glaucoma, more and more clini-
cians are applying it to other diseases as well.
There are no objections to such use. At present,
it has not yet been tested systematically for
other indications.

Examination Time
Examination time was reduced markedly with
the help of this new program. The number of
stimuli presentations required in normal per-
sons on the average was 498 + 26 standard
deviation (SD); in our glaucoma patients it was
524 + 92 SD, if all three phases have been
tested. The required time was, on average,
8 t 3 minutes for phase 1, 5 + 2 minutes for
phase 2, and 2 + 1 minutes for phase 3. As
mentioned before, we may not need to utilize
all phases for all patients.

Interpretation of the Outcomes
We recommend first checking the visual field
indices (Figure 4). If they are normal, we know
that we are dealing with a normal visual field.
If they are out of normal range, the visual field
is most probably pathologic and we have to
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Figure 4. The interpretation of the visual field indices
CLV and MD. If MD is increased, there is a visual field
defect. With the help of CLV, scotomas can be differen-
tiated from diffuse defects. If MD is normal, there still
may be small scotomas if CLV is increased.

check the graphic representation of the visual
field to see the location of the defects.

Looking to the indices we first check the
MD, the most important index. If the MD is
out of normal range, we know that the visual
field is most probably pathologic. Correcred
loss variance will tell whether thä defect quan-
tified by MD is diffuse (CLV not increased) or
local (CLV increased). If CLV increased, but
MD stayed in the normal range, small scoto-
mas are present. Even smaller scotomas may
just increase the skewness index.21

If phase 2 is not measured, we check LV
instead of CLV. Loss variance that is in the
normal range indicates the absence of scotomas,
whereas markedly increased LV indicates the
presence of scotomas.

An only slight increase of LV may be due to
either increased scatter or incipient scotomas.

Q{y the additional measuremtnt of phase 2
allows the calculation of CLV and thereby a
differentiation of real local deviations from
deviations due to scatter.

The SF should then be checked to see how
reproducible the results are. Increased SF may
qignify early glaucomatous damage.22 Since the
SF is also influenced by the coopäration of the
patient,23 one should check th; rate of false
responses at the same time to find out whether
increased SF may be due to cooperation prob-
lems.

Follow-up of Visual Fields
A main goal of the introduction of the visual
field indices was to facilitate follow-up. Such
follow-up is even easier with the help of a

Figure 5. Follow-up sheet for the visual field indices
measured with the Octopus G1 program. The gray area
represents the normal range for the corresponding visual
fields. MD and SF are represented linearly, whereas the
y axis for CLV is proportional to the square root of CLV
since it is a quadratic number (comportent of vari-
ance).

graphic representation of the indices (Figure
5). After each visual field test, the outcomes are
drawn of the most important indices on the
follow-up sheet. This is done in red ink flor the
right eye, and blue ink for the left eye, as is
traditional for the IOP. Such a representation
supplies us with the following information:

1. Are the indices out of the normal
range?

2. Which type of glaucomatous defect
occurs? (diffuse damage? local damage?
increased scatter?)

3. Is there long-term fluctuation?
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4. Is there a trend over time toward
improvement or deterioration?

5. Is there a difference between the two
eyes ?

CONCLUSIONS

The new glaucoma G 1 program is a fast
program for screening and fully quantifying
visuäl field defects. It allows a separate quanti-
fication of diffuse and local defects, and a

detection of increased fluctuation. Further-
more, the calculation of the visual fietd indices
allows a direct comparison of the global char-
acteristics of a visual field with its normal
values and its previous measurements. This is

achieved by u three-phase sequence, a built-in
calculation of visual field indices, and extensive
studies on normal persons, the results of which
are also built in. Although extensive studies on
the G1 program have been carried out,2a fur-
ther studies are required to establish the
sensitivity of this program in critical applica-
tions and to study its usefulness for other
diseases.
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