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PURPOSE. We compared detection rates of glaucomatous visual field defects (VFDs) between
a conventional rectangular stimulus grid and locally condensed test point arrangements in
morphologically suspicious regions. 
METHODS. Humphrey Field Analyzer model 630 (HFA I, program 30-2 with a rectangular 6°
x 6° grid) was used as the conventional perimetric method. Individual local test-point con-
densation was realized by fundus-oriented perimetry (FOP) on the Tuebingen Computer
Campimeter (TCC).
RESULTS. Of a total of 66 glaucoma patients, or suspected sufferers, 23 showed normal find-
ings and 27 showed pathological findings with both methods. In 15 cases we found normal
visual fields in HFA 30-2, whereas FOP revealed early glaucomatous functional damage.
Only one case showed pathological HFA results, while FOP was normal. Detection rates of
VFDs significantly differed between the two methods (p < 0.001; sign test). 
CONCLUSIONS. FOP, using individually condensed test grids, significantly increases detec-
tion rates of glaucomatous VFDs in morphologically suspicuous areas compared with a con-
ventional HFA 30-2 technique using equidistant rectangular (6° x 6°) test point arrange-
ments. Eur J Ophthalmol 2001; 11 (Suppl 2): S57-S62
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Evaluation of glaucomatous visual field loss with
locally condensed grids using fundus-oriented
perimetry (FOP)

INTRODUCTION

In reality, perimetric characterization of function-
al change is more important than the detection of
functional loss. Nevertheless, reliable detection of a
glaucomatous field defect is an essential prerequi-
site and baseline for evaluation of functional
changes that manifest themselves in a variety of sco-
toma depths and/or sizes. Whereas defect depth should
be assessed by a sophisticated thresholding algo-
rithm, quantification of scotoma size demands an ade-
quate target density. Due to limitations in test du-
ration, condensation of test points needs to be re-

stricted to those visual field areas that correspond
to morphologically suspicious regions (optic disc notch-
ing, splinter hemorrhages, retinal nerve fibre layer
defects). This is realized in fundus oriented perime-
try (FOP) using Tuebingen Computer Campimeter (TCC),
with the optic disc and foveola serving as morpho-
logical landmarks for adjustment of their psy-
chophysiological counterparts (i.e. blind spot and
visual field centre). 

The purpose of this study was to compare detec-
tion rates of glaucomatous visual field defects (VFDs)
between a local “evidence-based” condensation of
perimetric test locations in morphologically suspicious
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areas, using FOP, and those of conventional perime-
try. Humphrey Field Analyzer (HFA I, 30-2 grid) served
as the conventional perimetric control.

METHODS

FOP has been described elsewhere in detail (1–4).
This new concept uses a digitized fundus image of the
tested subject as a basis for “constructing” an indi-
vidual grid of perimetric stimuli. The fundus image is
downloaded from a data carrier (disc, photo CD), or
digitized by a slide scanner, and is depicted on a con-
trol monitor and mirrored, if necessary, with the help
of software. Assuming central fixation, the foveola of
the fundus image is aligned to the centre of the peri-
metric field using a cross hair. In a second step, the
blind spot, which has been previously determined by
means of kinetic perimetry, is interactively superim-
posed onto the optic disc of the fundus image by au-
tomatic activation of rotatory and zoom routines. Thus,
the method allows a direct adaptation of the perimet-
ric procedure to the individual fundus morphology. It
is capable of detecting even minute VFDs, such as an-
gioscotomata or shallow nerve fibre bundle defects (4–7).

In the set-up, a calibrated high-resolution visual dis-
play unit (8–10) is used instead of a cupola. The 20"
monitor covers a visual field of approximately 35° hor-
izontally and approximately 24° vertically (“radius”)
in an examination distance of 30 cm. This set-up ren-
ders a continuous recording of pupil size and posi-
tion during the examination.

A modified 4-/2-/1-dB strategy with 3 reversals is
applied with FOP. Each perimetric grid is adapted ac-
cording to the individual fundus findings. Additional
test points are inserted between the “original 30-2”
stimulus locations. “Mesh density” of the stimulus grid
within the scotoma area is at least 3° x 3°. The test-
point grid exceeds the scotoma border by at least 5°
in each direction. The maximum number of stimulus
locations is 152. The FOP grid is split into two com-
plementary, randomized sub-sets of an approxi-
mately equal number of test points, which are pre-
sented in two subsequent sessions. Thus, no more
than 76 locations are examined in each perimetric sub-
set. There are nine identical stimulus locations (one
at the visual field centre, the others on the oblique
meridians located at eccentricities of 15° and 25°, re-

spectively) in both sets of FOP sub-grids in order to
check for intra-individual retest reliability. 

Conventional perimetry with HFA 30-2 (HFA I, pro-
gram 30-2; 4-2-dB strategy; two reversals; 30´ stim-
ulus) served as a control.

Ophthalmological examinations 

The following examinations were performed:
• Subjective and objective refraction (retinoscopy).
• Visual acuity (distant, near).
• Orthoptic examination.
• Examination of efferent and afferent pupil reaction
• Slit lamp examination.
• Intraocular pressure (IOP) measurement (non-con-

tact tonometer – additional IOP dates from reliable
records).

• Gonioscopy.
• Fundus examination (dilated pupils: direct and in-

direct binocular ophthalmoscopy, 78 dpt lens).

Photodocumentation

(Stereo-)photography of the optic disc, posterior pole
and nerve fibre layer were performed, no more than
2 months before the first, and after the last, perimetric
session. The sequence of perimetric methods (HFA I
30-2 and TCC-FOP, respectively) was changed at ran-
dom.

Inclusion criteria

Glaucoma patients who had localized glaucomatous
morphological lesions (retinal nerve fibre layer [RFNL]
defect, cupping of optic disc, …) were included in the
study, with or without corresponding localized glau-
comatous VFDs (AULHORN stage I–III). Patients also
had:
• No history or signs of other (neuro)-ophthalmologi-

cal diseases (beside ametropia, see below).
• Spherical ametropia < 8 dpt.
• Cylindrical ametropia < 3 dpt.
• Central visual acuity > 0.5 (10/20).
• No relevant opacities of central refractive media (cornea,

lens, vitreous body).
• No miotic drugs.

Patients suspected of having glaucoma were defined
as patients with ocular hypertension and/or morphological
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changes without VFDs in conventional perimetry.
Only one eye of each patient or suspected patient

was enrolled in the study. If both eyes suffered from
a localized RNFL defect, one was selected at random. 

Evaluation of perimetric results

Perimetric results within the morphologically sus-
picuous areas were evaluated according to the fol-
lowing criteria:
• ≥ 3 contiguous non-edge points with p < 0.05, with 
• ≥ 1 non-edge point with p < 0.01 (11, 12). The eval-

uation was based on the analysis of total deviation
plots.

RESULTS

A total of 66 eyes of 66 glaucoma patients or sus-
pects (34 females, 32 males), aged 14–85 years were
enrolled in the study. 

Table I shows the comparison of detection rates of
HFA 30-2 and TCC-FOP, according to the above men-
tioned evaluation criteria. In 23 patients, both meth-
ods showed normal findings. A total of 27 individu-
als revealed pathological findings with both methods.
In 15 cases we found normal visual fields in HFA 302,

whereas FOP revealed early glaucomatous function-
al damage. Only one case showed pathological HFA-
results, while FOP was normal. Detection rates of VFDs
significantly differed between the two methods (p <
0.001; sign test).

Figure 1 shows a typical result. Neither HFA I 30-2
grey-scale plot nor total deviation plot reveals a typ-
ical glaucomatous VFD (right), which clearly shows
up in FOP with locally enhanced grid density.

Due to its three reversals, examination duration of
a single session in TCC technique ( 21.3 ± 2.8 min;
MEAN ± SD) is longer than in HFA I (15.2 ± 2.1 min).
In all, TCC-FOP, which is based on two sessions, takes
more than twice the time of the (single session) HFA
30-2 examination. 

DISCUSSION

Reductions in examination duration is now a major
issue in glaucoma perimetry. This is achieved by modi-
fying the perimetric strategy and/or the thresholding
algorithm, as in the “TOP” or “SITA” procedures (13–18).
By this means, the “number of questions asked”, as
well as patient fatigue, can be reduced – possibly at
the expense of an impaired local threshold estima-
tion. Furthermore, the widely used rectangular 6° x

TABLE I - COMPARISON (CONTINGENCY TABLE) OF NORMAL (n) AND PATHOLOGICAL (p) RESULTS BETWEEN
CONVENTIONAL PERIMETRY USING HFA I (RECTANGULAR 6° X 6° TEST POINT ARRANGEMENT; 30-2
GRID) AND FUNDUS ORIENTED PERIMETRY (FOP) WITH INDIVIDUALLY CONDENSED TEST POINT AR-
RANGEMENTS PERFORMED WITH TCC. EVALUATION CRITERIA ACCORDING TO (11,12) ARE ADDI-
TIONALLY LISTED

HFA 30-2
p<0.001

(sign test)

n p sum

n 23 1 24

p 15 27 42

sum 38 28 66

Criteria:
Abnormal VF: ≥ 3 contiguous non-edge points (p ≤ 0.05), with

≥ 1 non-edge point ( p ≤ 0.01)
within morphological suspicuous areas

F
O

P
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6° grid may be too coarse to unequivocally and re-
producibly detect subtle defects. This reduced reso-
lution with respect to space and depth does not on-
ly impair scotoma detection, but also counteracts to
demonstrate subtle changes in case of follow-up ex-
aminations, partially due to an unstable baseline. These
phenomena have been recently shown in the ocular
hypertension treatment study (19).

Recent results indicate that glaucomatous progression

occurs in the vicinity of already affected visual neu-
rons (20–22), thereby inducing a local progression of
scotoma depth and/or size. As a logical consequence,
perimetric techniques should enhance resolution with
respect to both above-mentioned parameters, addi-
tionally, referring to a reliable (as well as comparable)
perimetric baseline result.

Langerhorst et al (23) demonstrated that higher test-
point density within the central 10° visual field en-

Fig. 1 - Representative visual field results: the grey-scale plot with superimposed total deviation plot of FOP (left) clearly shows
a typical glaucomatous VFD within the locally condensed test-point arrangement, which does not show up in the conventional rec-
tangular 6° x 6° HFA 30-2 grid (right)(grey-scale plot and total deviation plot).

TCC-FOP

HFA- I (30-2)

Abweichung
von Altersnorm
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hanced scotoma detection. Westcott et al (12, 24) showed
a similar effect by adding test locations within the re-
gion of the nasal step. In contrast to FOP, both meth-
ods did not adapt stimulus arrangements according
to the individual morphological findings, but used de-
fault grids, thereby eventually ”wasting” additional test
points in obviously normal regions.

With the help of fundus-controlled perimetry, tar-
gets can be presented via scanning laser opthalmo-
scope (SLO) or fundus camera directly onto the reti-
na under observation of the examiner (25–27). How-
ever, the examination area is comparatively small (<
20° “radius”), especially with an SLO, and it is there-
fore not possible to detect changes within the nasal
step region. In contrast to exclusively circumscribed
retinal lesions, (e.g. glaucomatous) alteration of the
RNFL does not exclusively affect just the morpho-
logically visible area, but predominantly affects more
peripheral regions corresponding to the course of nerve
fibres. This further reduces the value of direct fundus
controlled perimetric methods.

The individual arrangement of test points, as real-
ized in FOP, requires an age-related smooth model of
the entire 30° hill of vision (Schwabe et al, in prepa-
ration), since a considerable number of stimuli can-
not be directly referred to as a ”rigid” set of norma-
tive test points.

The results presented in this paper clearly demon-
strate that individual condensation of test points by
FOP using the TCC significantly increases detection
of glaucomatous VFDs compared with a convention-
al HFA 30–2 technique. Of course, this positive effect
is purchased at the expense of examination duration.
Since FOP can be divided up into several sessions,

this procedure is reasonable, especially in the case
of in-patient situations or in combination with other
time-consuming examinations, such as diurnal IOP
recordings, etc. Intra-individual quality (”medium-term
fluctuation”) can be assessed by analyzing inter-ses-
sion variability of the nine reference points, which are
presented in fixed locations at all sessions (Stumpp
et al, in preparation).

Since not only test-point arrangement but also in-
struments and therefore examination technique were
changed in these experiments, suspicion might arise
that the latter circumstance may have been of deci-
sive influence on this result. As already mentioned in
the methods section, test-point arrangement in the
FOP-TCC technique is interwoven with an original 30-
2 grid. [Comparison between TCC-FOP grid and TCC
30-2 grid again showed a significant difference of de-
tection rates between these two grids for one and the
same instrument – again favouring the FOP grid (Schiefer
et al, in preparation).
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