European Journal of Ophthalmology / Vol. 15 no. 6, 2005 / pp. 722-729

Continuous light increment perimetry compared
to full threshold strategy in glaucoma

B.K. WABBELS"2, S. DIEHM', G. KOLLING'

"Department of Ophthalmology, University of Heidelberg, Heidelberg
2Department of Ophthalmology, University of Bonn, Bonn - Germany

INTRODUCTION

Purpose. Continuous light increment perimetry (CLIP) is an improved testing strategy for
automated static perimetry designed to save test time and enhance patient compliance.
CLIP uses a modified ramp stimulus where stimulus intensity is continuously increased ac-
cording to patient reaction time, starting from a subthreshold intensity until recognition.

The test is constantly modified according to patient performance. As CLIP showed good
results in normal subjects in previous studies, the authors now compared CLIP to the stan-
dard 4/2-full threshold (4/2) strategy in glaucoma patients.

MeTHoDs. Fifty-two patients with glaucomatous visual field defects (mean sensitivities 2.9
to 18.4 dB), all with perimetric experience, were tested with CLIP (three times) and 4/2 in
a randomized fashion. Tests were performed at 55 test locations within the central 30° vi-
sual field (24-2 area) using the Twinfield perimeter.

ResuLTs. Average mean sensitivity was significantly higher for CLIP than for 4/2 (t test, p<0.0001).
Absolute scotomas and extension of scotomas were comparable for both strategies, where-
as CLIP found less deep relative scotomas in some cases. Mean test time was significant-
ly shorter for CLIP (5.6 min) compared to 4/2 (8.9 min) (Wilcoxon signed rank test, p<0.0001).
Patient acceptance was better for CLIP than for 4/2.

ConcLusions. CLIP showed comparable results to 4/2 with excellent patient acceptance.
Mean sensitivities are 1.8 dB higher than for 4/2; similar results were found previously in
normal subjects. CLIP was able to save a mean 38% of test time compared to full thesh-
old strategy with good reproducibility. (Eur J Ophthalmol 2005; 15: 722-9)
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less impact has been put on patient performance and com-
pliance.

Full threshold white-on-white perimetry has long been the
gold standard for the diagnosis, grading, and detection of
progression of glaucomatous visual field defects. However,
this method is time-consuming and is subject to fatigue
effects in patients (1-3). Another disadvantage is the fact
that the test becomes more difficult at the end of the pro-
gram as stimuli are presented near threshold.

Many new test algorithms have been investigated recently
to save test time without losing reproducibility (4-12), but

The continuous light increment perimetry (CLIP) strategy
was developed to save test time and increase patient com-
pliance. Results of CLIP were promising in normal subjects
(13, 14): reproducibility of CLIP was better than 4/2 and fast
threshold strategy and as good as SITA standard and CLIP
was able to save about 60% of test time. This study was
conducted to confirm these results in glaucoma patients
with regard to threshold, reproducibility, test time, and
patient compliance.
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Fig. 1 - Experimental
design: twinfield-perime-
ter with test bowl, com-
puter monitor, personal
computer, and printer. ."

Fig. 2 - 24-2 test grid
with 55 stimulus loca-
tions.

Aight Eyn

SUBJECTS AND METHODS at least one eye were invited to participate, regardless of
intraocular pressure level.

Patients Fifty-two patients participated. Subjects were experi-

enced visual field takers, having been tested on two or more
Patients with known glaucoma defined as characteristic ~ occasions with automated static perimetry, and had a best-
cupping of the disc and glaucomatous visual field defects in ~ corrected visual acuity 20.3.

TABLE | - MEAN SENSITIVITY AND MEAN DEFECT (DB)

Mean sensitivity Mean defect
Mean SD Min Max Mean SD Min Max
4/2 11.8 4.1 2.9 18.4 6.5 4.1 -0.7 16.0
CLIP 2 13.1 4.6 2.3 21.0 4.8 4.3 -3.1 16.6
CLIP 3 13.3 4.3 2.8 21.5 4.6 4.1 -3.7 16.1

CLIP = Continuous light increment perimetry

TABLE Il - ABSOLUTE DIFFERENCES OF THRESHOLDS AT SINGLE TEST LOCATIONS (DB)

Median Mean 75% quartile 95% quartile
Difference 4/2 - CLIP 2 3 3.92 6 13
Difference 4/2 - CLIP 3 3 4.06 6 13
Difference CLIP 2 - CLIP 3 3 3.84 5 13

CLIP = Continuous light increment perimetry

TABLE Ill - DIFFERENCES OF THRESHOLDS DEPENDING ON DEFECT CLASSIFICATION
(COMPARISON 4/2 - CLIP 2); ALL VALUES IN DB

Defect classification Mean Standard Absolute differences
deviation 75% 90%
quartile quartile
1 0dB Absolute 60% abs. scotoma for CLIP 7 12
2 1-10dB Deep relative -2.84 6.71 9 11
3 11-18 dB Relative -1.34 4.78 5 8
4 >18 dB Mild/normal 0.18 3.40 3 5

CLIP = Continuous light increment perimetry
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Fig. 3 - Patient 41, Bjerrum scotoma with A1
good correlation. (A) 4/2 strategy. (B) Con-
tinuous light increment perimetry strategy
with thresholds and gray scales.
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If both eyes had glaucoma and met the inclusion criteria,
the eye to be tested was selected by the investigator before
initiation of the study.

An attempt was made to perform testing on eyes with a
wide range of visual field defects.

Eleven of the patients had to be excluded from further
evaluation after visual field testing because they were not
able to meet the inclusion criteria of less than 30% fixation
errors (10 patients) and less than 30% false positive
answers (1 patient).

Informed consent was obtained from all patients accord-
ing to the tenets of the Declaration of Helsinki.

Twinfield perimeter

All visual field testing was performed on a Twinfield
perimeter (Oculus Inc., Wetzlar, Germany). The experimental
design is shown in Figure 1: stimuli are presented in a semi-
transparent test bowl (radius 30 cm) using back-projection.

An integrated infrared camera monitors eye movements
and pupil size, with results being presented on a computer
monitor and processed by a personal computer. Head posi-
tion can be corrected by clicking on the middle of a
patient’s pupil on the monitor.

Four red fixation marks are located at 1° of eccentricity.
Maximum luminance is 318 cd/m?2, background luminance
is 10 cd/m?2.

The Twinfield perimeter can perform static and kinetic
perimetry (manual or automatic) using stimuli Goldmann
size lll or I. Static perimetry test strategies include CLIP, 4/2,
fast threshold (using information of neighboring test points),
and suprathreshold tests. Test grids can either be chosen
from a list or self-generated.

CLIP

In this study we used an improved threshold strategy
called CLIP (13, 14). CLIP uses a modified ramp stimulus,
where stimulus intensity is continuously raised beginning
from a subthreshold starting position until recognition. The
central threshold is initially tested with a staircase strategy.

Then a luminance class is chosen according to the central
threshold.

Reaction times are estimated at eight test locations, two
locations per visual field quadrant, using stimuli 5 dB
brighter than the presumed threshold.

Mean reaction time is calculated from these eight reaction
times. If a stimulus is not detected initially, the same location
is retested with maximum luminance to check for an
absolute scotoma. In this case, this reaction time is not
included.

The start position at the other test locations is 5 dB dim-
mer than the presumed threshold (5 dB subthreshold), tak-
ing into account age and central threshold. The light intensi-
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A2

Fig. 4 - Patient 50: advanced glaucomatous

visual field defect with moderate correlation.

. (A) 4/2 strategy (B) CLIP strategy with
1 thresholds and gray scales.

-k 3

-

B2

ty is continuously enhanced by 1 dB per reaction time. If the
patient did not press the answer button after eight reaction
times (8 dB luminance increments), the stimulus intensity is
then directly enhanced by 2 dB per reaction time for three
steps. If a patient did not recognize the stimulus even then
(in total 14 dB brighter than start position, 9 dB brighter than
the presumed threshold), the stimulus intensity is enhanced
by 4dB per reaction time until recognition.

Therefore stimulus luminance is increasing faster in deep-
er scotomas.The last level of stimulus intensity before
recognition is assumed to be the threshold (therefore cor-
recting the effect of reaction time).

Absolute scotomas which were detected during reaction
time testing are not retested. The test is constantly modified
according to patient performance.

If the stimulus is for example seen within less than three
reaction times from the initial luminance, it is retested start-
ing from a 5 dB dimmer level. If a threshold differs by more
than 10 dB from the quadrant mean threshold, it is automat-
ically retested at the end of the examination.

Study design

All subjects performed 4/2-full threshold program and
three times the CLIP strategy in randomized order. Tests

were performed using a 24-2 test grid (55 test locations
within the central 30° of visual field) (Fig. 2). Stimulus size
was Goldmann Il (0.43°) in all tests, background luminance
was 10 cd/mZ2. All tests per subject were completed within 1
day with rest breaks as requested. At the end of the exami-
nation all patients were invited to choose their favorite strat-
egy and to give their comments about both tests.

They could give their free answers as we wanted to know
their subjective feelings about advantages and disadvan-
tages of both strategies without giving a predefined choice
of answers. So no statistic evaluation can be performed on
these data.

Fixation was assessed by monitoring eye movements on
the infrared monitor and by presenting central stimuli 8 dB
brighter than central threshold.

Testing for false-positive answers was performed by pre-
senting only the acoustic signal without following stimulus
presentation.

Results of the first CLIP examinations were not further
evaluated. Three test locations were excluded from further
assessment in all tests: two at the area of the blind spot
(11.31°/15.3° and 348.61°/15.3°) and the central thresholds,
as these were tested in all cases by a staircase strategy.

Results of left eyes were mirrored in right eye results for
better comparison.
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Fig. 5 - Mean test time in minutes for 4/2 and CLIP 2 and 3.

RESULTS
Patients

Forty-one glaucomatous eyes of 41 patients met the
inclusion criteria. The mean age (+SD) of the subjects
was 61.3 (£11.5) years (range 37-82 years). Of the 41
patients 17 were male and 24 female. Twenty-six patients
had primary open angle glaucoma, 10 had normal tension
glaucoma, and 5 had other forms of glaucoma as pseu-
doexfoliative glaucoma or secondary glaucoma with
chronic uveitis. Visual acuity ranged from 0.3 to 1.2,
refraction ranged from -6.25 to +4 D spheric and from 0
to 4 D cyl. Intraocular pressure on the day of examination
was between 8 and 24 mmHg. The right eye was tested
in 20 cases, the left in 21 cases.

Quality controls

A mean of 3% of all stimulus presentations were used to
test for false-positive answers, 5-6% to test for fixation
controls. Due to the different test strategy, the absolute
number of stimulus presentations for CLIP was therefore
less than one third of the 4/2 strategy.

For all three tests the frequency of false-positive answers
was 3% in mean. One patient had to be excluded from fur-
ther evaluation because he could not meet the inclusion cri-
terion of 33% or less of false-positive answers (see Materi-
als and Methods).

The mean number of fixation errors was 11% for the 4/2
strategy, and 12%-14% for the second and third CLIP test-

ing. No significant age correlation could be found for either
test. Ten patients had to be excluded because of fixation
instability.

Comparison of mean sensitivity and mean defect

Results of mean sensitivity and mean defects are present-
ed in Table I. Average mean sensitivity was significantly
higher for CLIP than for 4/2 (t test, p<0.0001). Mean defect
was worse in the 4/2 fields compared to those in the CLIP
fields (t test, p<0.0001 for both comparisons). There were
no significant differences between both CLIP testings.

Topographic analysis

Evaluation of pairs of visual fields seemed to demonstrate
good qualitative and pattern similarities in defects between
both tests. Two examples are shown in Figures 3 and 4.
Patient 41 (Fig. 3) is an example of good correlation
between strategies. Patient 50 (Fig. 4) is the patient with the
worst correlation in this study: the deep relative scotoma in
the upper part of the visual field is less pronounced in CLIP
compared to 4/2. This tendency for shallower relative
defects for specific localized scotomas with CLIP could be
observed in several patients.

Point by point analysis

Absolute differences at single test locations are shown in
Table Il. Large differences were mostly located at the bor-
ders of absolute scotomas, where the test location was
within the absolute scotoma with one strategy and within a
normal area with the other strategy. This was also true for
the comparison of absolute differences between both CLIP
sessions.

Differences of sensitivity depending on defect
classification

Depending on the results for the 4/2 strategy, test locations
were classified in four defect classes:
0 dB (absolute scotoma) 399 single test locations;
1-10 dB (deep relative scotoma) 487 single test locations;
11-18 dB (relative scotoma) 846 single test locations;
>18 dB (mild scotoma and normal values) 400 single test
locations.

A detailed comparison of threshold differences between
4/2 and CLIP 2 grouped by defect classes is presented in
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Table Ill. CLIP found less deep scotomas compared to the
4/2 strategy, which accounts for the overall higher mean
sensitivity, whereas differences were lower in areas of nor-
mal sensitivity or shallow scotomas.

Test time

Results of test times are presented in Figure 6. Test times
were significantly shorter for CLIP 2 (median 5.48 min, mean
5.64 min, SD 0.78) and 3 (median 5.57, mean 5.72 min, SD
0.92) as compared with 4/2 (median 8.80, mean 8.92, SD
0.64) (Wilcoxon signed rank test, p<0.0001). CLIP saved a
mean of 36% of test time. All subjects had shorter test
times with CLIP (2 and 3) than with 4/2.

Mean reaction times for CLIP were 461 ms, SD 61 ms
(second testing) and 465 ms, SD 73 ms (third testing) and
ranged from 352 to 651 ms and 312 to 686 ms, respectively.
No correlation between total test time of CLIP and reaction
time was found.

Test time for 4/2 strategy was correlated with mean defect
(Pearson coefficient R=-0.61, p<0.0001) and with mean sensi-
tivity (Pearson coefficient R=0.58, p<0.0001), implicating that
4/2 strategy gets faster for advanced visual field loss with
many absolute scotomas. Concerning CLIP, there was a ten-
dency to an opposite result, although this was not significant.

Patient evaluation

Most subjects preferred CLIP compared to 4/2: they
believed that 4/2 put too much pressure on them and was
too fast. A lot of people mentioned that they needed to con-
centrate more with 4/2, especially at the end of the examina-
tion, and that they often were not sure if there really was a
stimulus. The minority of people who found CLIP more tiring
than 4/2 (despite a shorter test time) all had very large sco-
tomas. Most persons preferred CLIP over 4/2 because it
seemed to be more at their pace. They found it positive that
stimuli were clearly seen at a certain luminance, even at the
end of the examination. A few people told the examiner that if
they were not sure if there really was a stimulus, they just
waited for the stimulus to become a little brighter to be sure.

All subjects preferred CLIP because of the shorter test time.

DISCUSSION

Studies concerning the so called ramp stimulus, compa-
rable to CLIP, were basically undertaken before 1970 (15-

19), when the staircase strategies appeared in automated
perimetry (6). However, findings of Capris et al (20) suggest-
ed that continuous luminance changes can be a good alter-
native to staircase procedures.

In this study, CLIP showed similar scotoma detection
compared to standard full threshold strategy (4/2) in a signif-
icantly shorter test time. Absolute scotomas and extension
of scotomas were comparable for both strategies, whereas
CLIP found less deep relative scotomas in some cases.
Large differences at single test points were found mostly at
the borders of absolute scotomas. Mean sensitivities were
1.8 dB higher than with 4/2 strategy, absolute differences at
single test locations (and therefore reproducibility) were
comparable between 4/2 and CLIP and between separate
CLIP tests. Most patients preferred CLIP over 4/2, possibly
due to the shorter testing time, but also because the strate-
gy seems easier to perform and less tiring in itself than stan-
dard full strategy.

The results of this study confirm our findings in normal
subjects and preliminary findings in glaucoma patients
(13, 14): mean sensitivity in normal subjects was about 2
dB higher than 4/2, reproducibility of CLIP was signifi-
cantly better compared to 4/2 and fast threshold strategy
and as good as SITA standard. In normal subjects CLIP
was able to save a mean 58% (53-60%) of test time and
was the shortest strategy in all subjects (out of 4/2, fast
threshold and SITA standard). All normal subjects pre-
ferred the CLIP strategy. In glaucoma patients thresholds
were about 1.5 dB higher than in 4/2, test time was signif-
icantly shorter than for 4/2.

Analyzing the CLIP strategy, local adaptation (Troxler in
1804 in (6), Cibis and Monjé in 1954 in (21)) and summation
phenomena (6) could both affect the results. As mean sensi-
tivities are higher in CLIB, it can be presumed that this could
be more an effect of temporal summation.

Temporal summation was found to have no strong influ-
ence for stimulus durations above 320 ms relatively inde-
pendent of eccentricity (22, 23) or above 500 ms with a
stronger influence 5° temporal than centrally (24). In one
study larger and deeper scotoma were found for stimulus
durations of 250 ms compared to 500 ms (25). Between 65
and 500 ms, sensitivity increased with increasing stimulus
duration, but there was no influence on fluctuation (26).
Another study confirms these results, showing that summa-
tion is only strong for stimulus durations up to 100 ms and
that the influence on stimuli longer than 200 ms especially
longer than 500 ms is small. There was no effect of disease
on the critical duration (27).
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Newer studies indicate that the ramp stimulus tests other
cell populations than pulse stimulation. A study of Okamoto
et al (28) suggests that the y-system is excited by pulse
stimuli, the x-system by ramp stimuli. Kani et al (29) found
smaller diameter of receptive fields for ramp stimuli com-
pared to pulse stimulation; responses were also different
from those obtained by pulse stimulation. The density of
receptive fields was similar to that of x-cells, for pulse stim-
uli parameters were similar to the y-cells.

Takashima et al (30) found similar results in normal sub-
jects with higher sensitivities for ramp stimuli than pulse
stimuli, especially in central areas of the visual field. In the
few examined patients these differences were present in all
areas. Their hypothesis was that it could be differences
between the x- and y-system.

In this study, CLIP uses a ramp stimulus with one step per
reaction time of a mean of 461 ms, so stimuli are longer
than in 4/2 (200 ms) and even a small effect of temporal
summation could contribute to the difference of mean 1.8
dB. Mean sensitivities were even higher despite the fact that
some subjects reported that they just waited until the stimu-
lus was a little brighter, if they were not sure. Relative sco-
tomas are found to be less deep with CLIP, whereas differ-
ences are smallest at relatively normal test locations.

Fixation instability seems no probable explanation, as in
fact all evaluated patients in this study had stable fixation
proven by fixation tests and by continuous observation on
the monitor. CLIP even found less deep scotomas in larg-
er areas of relative scotomas, where some degree of fixa-
tion error would not immediately result in stimulus detec-
tion by a more sensitive fundus location. Therefore,
differences could possibly be explained by effects of tem-
poral summation and by different affection of the x- and
y-system in scotomas.

All new test strategies are, as CLIP, able to save test time
compared to 4/2 strategy. Test time is shortened by 30% up
to 80% (4, 7-9, 31-36) depending on the strategy and the
subjects included: test time is generally shorter and savings
are larger in normal subjects, as found with CLIP. For
increasing visual field loss, test time generally increases.
This is also known for SITA and FASTPAC (35, 36).

Evaluation of mean sensitivity in studies concerning other
new strategies like FASTPAC, SITA, and TOP was inconsis-
tent. In some studies there were also higher mean sensitivi-
ties compared to standard full threshold as we found with
CLIP (8, 9, 32, 34, 35), whereas other studies did not find
differences (7, 31, 33). It was presumed that higher sensitivi-
ties could be due to a shorter test time and therefore less

fatigue effect (3, 34). As this was also true for CLIP com-
pared to 4/2, this could also contribute to the higher mean
sensitivity in CLIP.

Patient acceptance was not generally evaluated in studies
about new strategies. Perhaps it was presumed that a
shorter test time would be sufficient. However, not only test
time should be kept in mind, but also patient compliance.

In this study we found that subjects with minimal to mod-
erate affected visual fields liked CLIP. Subjects with strongly
affected visual fields generally found CLIP and 4/2 hard to
perform. This is easy to explain as one of the advantages of
CLIP is the fact that the stimulus luminance increases until
the patient can see it and is getting performance feedback.
Except in absolute scotomas and the blind spot area all the
stimuli are expected to be seen at a certain luminance level.
In comparison with 4/2 a larger proportion of stimuli is finally
seen. Patients with absolute scotomas cannot detect a
stimulus in this area and consequently have to wait longer
until they can see the next one.

In the future CLIP could be modified in two ways: if an
absolute scotoma is found in one area, CLIP could start
with a brighter stimulus in surrounding test locations. If the
patient is retested, the initial result could be taken into
account. This will help to make CLIP even more acceptable
in these sorts of visual fields and shorten the test time
(although even now CLIP was significantly shorter than 4/2
even in advanced glaucomatous field defects). Another
proposition would be the implementation of tests for false-
negative answers.

Further studies will show if CLIP performs as well in other
diseases, e.g., ocular hypertension, as in glaucoma
patients. The fact that CLIP is easy to perform could also be
used to examine patients with less experience, although fix-
ation problems could be more relevant in these patients.

In conclusion, CLIP is a new strategy in automated visual
field testing designed to save test time and enhance patient
compliance. In glaucoma patients CLIP showed compara-
ble results to 4/2 with excellent patient acceptance. CLIP
was able to save a mean of 38% of test time compared to
full threshold strategy with good reproducibility.

The authors do not have proprietary interest in the Twinfield-perimeter or the
CLIP-strategy.

Reprint requests to:

Bettina K. Wabbels, MD
University of Bonn

Department of Ophthalmology
Abbestr. 2

D-53127 Bonn, Germany
bettina.wabbels@ukb.uni-bonn.de

728



Wabbels et al

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

Marra G, Flammer J. The learning and fatigue effect in automated
perimetry. Graefes Arch Clin Exp Ophthalmol 1991; 229: 501-4.

Searle AE, Wild JM, Shaw DE, O’Neill EC. Time-related variation in
normal automated static perimetry. Ophthalmology 1991; 98: 701-7.
Hudson C, Wild JM, O’Neill EC. Fatigue effects during a single
session of automated static threshold perimetry. Invest Ophthal-
mol Vis Sci 1994; 35: 268-80.

Weber J. Eine neue Strategie fur die automatisierte statische
Perimetrie. Fortschr Ophthalmol 1990; 87: 37-40.

Johnson CA, Chauhan BC, Shapiro LR. Properties of staircase
procedures for estimating thresholds in automated perimetry.
Invest Ophthalmol Vis Sci 1992; 33: 2966-74.

Flammer J. Theoretische Grundlagen. In: Gloor B, ed. Perimetrie
mit besonderer Berucksichtigung der automatischen Perimetrie.
Stuttgart: Enke, 1993; 34-59.

Flanagan JG, Moss ID, Wild JM, et al. Evaluation of FASTPAC: a
new strategy for threshold estimation with the Humphrey Field
Analyser. Graefes Arch Clin Exp Ophthalmol 1993; 231: 465-9.
Bengtsson B, Heijl A. SITA Fast, a new rapid perimetric threshold
test. Description of methods and evaluation in patients with manifest
and suspect glaucoma. Acta Ophthalmol Scand 1998; 76: 431-7.
Bengtsson B, Heijl A. Evaluation of a new perimetric threshold
strategy, SITA, in patients with manifest and suspect glaucoma.
Acta Ophthalmol Scand 1998; 76: 268-72.

Gonzalez de la Rosa M, Martinez A, Sanchez M. Accuracy of the
tendency oriented perimetry (TOP) in the Octopus 1-2-3-Perime-
ter. In: Wall M, Heijl A, ed. Perimetry Update 1996/97. Amsterdam:
Kugler; 1997: 119-28.

Gonzalez de la Rosa M, Gonzalez-Hernandez M, Abraldes M,
Azuara-Blanco A. Quantification of interpoint topographic correla-
tions of threshold values in glaucomatous visual fields. J Glauco-
ma 2002; 11: 30-4.

Budenz DL, Rhee P, Feuer WJ, McSoley J, Johnson CA, Anderson
DR. Comparison of glaucomatous visual field defects using stan-
dard full threshold and Swedish interactive threshold algorithms.
Arch Ophthalmol 2002; 120: 1136-41.

Wabbels B, Burk ROW, Kolling G. CLIP: an improved strategy in
automated visual field testing. In: Wall M, Mills RP, ed. Perimetry
Update 2000/2001. The Hague: Kugler, 2001; 177-86.

Wabbels B, Diehm S, Rohrschneider K, Kolling G. CLIP-strategy
compared to full threshold strategy in glaucoma patients. In: Wall
M, Mills RP, ed. Perimetry Update 2002/2003. The Hague: Kugler,
2004; 135-45.

Sloan LL. Instruments and technics for the clinical testing of light
sense. Arch Ophthalmol 1939; 22: 233-51.

Dannheim E. Statische Perimetrie im binokularen Sehakt. Orthop-
tik Pleoptik 1973; 1: 12-21.

Spahr J. Optimization of the presentation pattern in automated
static perimetry. Vision Res 1975; 15: 1275-81.

Bebie H, Fankhauser F, Spahr J. Static perimetry: strategies. Acta
Ophthalmol (Copenh) 1976; 54: 325-38.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Anderson DA. Perimetry with and without automation. St. Louis:
Mosby, 1987; 35-55.

Capris P, Spinelli G, Zingirian M. Comparing continuous and stepwise
luminance variation in static campimetry using the Grignolo-Tagliasco-
Zingirian projection campimeter. Int Ophthalmol 1985; 8: 55-8.
Schober H. Die Adaptation. In: Schober H, ed. Das Sehen.
Leipzig: Fachbuchverlag, 1954; 39-72.

Dannheim F, Drance SM. Studies of spatial summation of central retinal
areas in normal people of all ages. Can J Ophthalmol 1971; 6: 311-9.
Dannheim F, Drance SM. Psychovisual disturbances in glaucoma.
A study of temporal and spatial summation. Arch Ophthalmol
1974; 91: 463-8.

Aulhorn E, Harms H. [Discriminatory thresholds of light density.]
Ophthalmologica 1974; 169: 50-60.

Holmin C, Krakau CE. Variability of glaucomatous visual field
defects in computerized perimetry. Graefes Arch Klin Exp Ophthal-
mol 1979; 210: 235-50.

Pennebaker GE, Stewart WC, Stewart JA, Hunt HH. The effect of
stimulus duration upon the components of fluctuation in static
automated perimetry. Eye 1992; 6: 353-5.

Funkhouser AT, Fankhauser F. Temporal summation measure-
ments with the Octopus 1-2-3 perimeter. Ger J Ophthalmol
1994; 3: 120-8.

Okamoto O, Mimura O, Kani K, Inui T. Characteristics of two sys-
tems of human vision using fundus perimetry. In: Greve EL, Heijl A,
ed. Seventh Int. Visual Field Symposium. Dordrecht: Kluwer, 1987;
483-8.

Kani K, Takashima M, Nagata S, Mimura O, Takubo K. An analysis
of human visual receptive fields using the perimetric method. In:
Lakshminarayanan V, ed. Basic and Clinical Applications of Vision
Science. The Hague: Kluwer, 1997; 283-6.

Takashima M, Nagata S, Tsukada H, Obata N, Kani K. Ramp stimula-
tion perimetry testing the X-system. In: Mills RB, Wall M, ed. Perimetry
Update 1994/95. Amsterdam: Kugler & Ghedini; 1995: 149-57.
Schaumberger M, Schafer B, Lachenmayr BJ. Glaucomatous visual
fields. FASTPAC versus full threshold strategy of the Humphrey Field
Analyzer. Invest Ophthalmol Vis Sci 1995; 36: 1390-7.

Shirato S, Inoue R, Fukushima K, Suzuki Y. Clinical evaluation of
SITA: a new family of perimetric testing strategies. Graefes Arch
Clin Exp Ophthalmol 1999; 237: 29-34.

Maeda H, Nakaura M, Negi A. New perimetric threshold test algo-
rithm with dynamic strategy and tendency oriented perimetry
(TOP) in glaucomatous eyes. Eye 2000; 14: 747-51.

Morales J, Weitzman ML, Gonzalez dIR. Comparison between ten-
dency-oriented perimetry (TOP) and octopus threshold perimetry.
Ophthalmology 2000; 107: 134-42.

Sharma AK, Goldberg I, Graham SL, Mohsin M. Comparison of
the Humphrey Swedish interactive thresholding algorithm (SITA)
and full threshold strategies. J Glaucoma 2000; 9: 20-7.

Roggen X, Herman K, Van Malderen L, Devos M, Spileers W. Dif-
ferent strategies for Humphrey automated perimetry: FASTPAC,
SITA standard and SITA fast in normal subjects and glaucoma
patients. Bull Soc Belge Ophtalmol 2001; 279: 23-33.

729



