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Abstract

The ultimate aim of clinical glaucoma research

is to maintain visual function in the patient.

Visual field (VF) loss can be determined more

effectively by considering the related

structural damage (ie retinal nerve fibre layer

(RNFL) defect, optic disc notching, and

splinter haemorrhages). A stack of

individually digitized RNFL traces, which are

superimposed by appropriate rotation and

zoom procedures, allows for characterizing

so-called trajectories defining the average

course of retinal nerve fibres.

Individual test point density in perimetry can

be increased in regions of interest, that is in

areas, or at the edges of, already detected VF

defects (VFD) using SCotoma-Oriented

Perimetry (SCOPE) or can be tailored (locally

condensed) in an evidence-based manner by

considering the local morphological damage

using fundus-oriented perimetry (FOP).

Focusing on areas most likely to be damaged

makes conventional perimetry more efficient

by locally enhancing spatial resolution. This

technique requires a mathematical model that

provides age-related normative values of

differential luminance sensitivity for any

location of the VF. Automated static perimetry

with enhancement of spatial resolution in

regions of interest has indeed a higher

sensitivity than standard automated perimetry

using a conventional rectangular (6� 61) grid.

The new method can also be used for follow-

up purposes: both scotoma depth and area, as

well as their changes with time, need to be

considered. The clinician has to be aware of

the fact that any kind of perimetry is a rather

exhausting and artificial examination

procedure. It is rather inadequate for

predicting per se patients’ quality of life and

daily functionality as it does not consider

compensation for VFD, for example by gaze

and head movements.
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Introduction

The gold standard for detecting functional

damage in glaucoma is currently

threshold-estimating automated static grid

perimetry. Perimetry involves a trade-off

between resolution in space and depth, on the

one hand, and examination time, on the other.

The number of stimulus locations examined per

visual field (VF) examination is usually 50–80,

within 24–271 eccentricity from fixation. The

stimuli are usually based on a square grid with

an inter-stimulus separation of 61. Such a

stimulus grid enables the detection of a focal

defect of approximately 71 in diameter

(ie a scotoma the size of the blind spot) with a

probability of 95%.1

Rationale for using condensed grids

Glaucomatous progression is thought to occur

in the vicinity of already affected neurons,2–4

suggesting that a local progression of scotoma

depth and/or size may be the first sign of

change. This means that perimetric tests should

concentrate, or condense, stimuli at those

locations with the highest index of suspicion

of glaucomatous damage or progression. By

increasing spatial resolution, the detection

of a smaller area of field loss is possible. Using

individually condensed test grids focussed on

morphologically suspicious areas thus increases

the sensitivity for VF defect (VFD) detection

compared with conventional (6� 61)

rectangular stimulus arrangements.5

Algorithms can be applied to the construction
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of a local condensation of the test point, according

to the suspected underlying basic pathology – notching

of the optic disc, for example.

Retinal nerve fibre layer and fundus-oriented perimetry

It is problematic to extrapolate from standard automated

static grid VF testing, not least because conventional

rectangular 6� 61 perimetry tends to cover no more than

1.5% of the entire 301 VF area. Another problem is caused

by short and long-term intra-subject variability, which

hinders the identification of progressive VF loss in serial

VF analysis. To reduce this problem, fundus-oriented

perimetry (FOP) has been developed, in which the

patient’s fundus image is downloaded or digitized onto a

control monitor and mirrored, if necessary, with the help

of special software (Figure 1).

Assuming central fixation, the foveola of the fundus

image is aligned to the centre of the perimetric field using

a cross hair. In a second step, the patient’s retinal damage

(blind spot), which has been determined by kinetic

perimetry, is interactively superimposed onto the optic

disc of the fundus image by automatic activation of

rotation and zoom routines, and transposition along the

horizontal axis. Accurate superimposition involves

registration of the foveola and centre of the VF. The

individual region of interest (ROI) can then be selected,

including visible retinal nerve fibre layer (RNFL) defects.

The result is an individual perimetric grid with

circumscribed stimulus condensation within the ROI and

conventional, equidistant 6� 61 spacing elsewhere

(Figure 1). A stack of individually digitized RNFL traces,

which are superimposed by appropriate rotation and

zoom procedures, allows the characterization of so-called

trajectories defining the average course of retinal nerve

fibres.7 FOP cannot be applied in case of diffuse

structural loss as there is no morphological clue for a test

point condensation.

If FOP is not available, individual test point density

can be increased in areas, or at the edges of, already

detected functional loss (ie VFD) using SCotoma-

Oriented PErimetry (SCOPE). Central fixation is an

essential prerequisite for both methods. A deficient or

unstable central fixation will result in suboptimal

spatiofunctional interrelation and reduced

reproducibility.

Mathematical modelling of the hill of vision

For a clinically successful application of FOP, the

age-related normative function of differential luminance

sensitivities (DLS) for any point of the VF (including

stimulus concentration within regions of interest) needs

to be known.8 This requires an adequate smooth

mathematical model characterizing the entire central

(301) region of the hill of vision (Figure 2).9

Figure 1 Basic principle of FOP. (a) Assessment of blind spot
via manual kinetic perimetry. (b) Loading of individual fundus
image, which is then transposed along the horizontal axis and
shifted for superimposition of foveola and centre of VF
(translational alignment). (c) Superimposition of optic disc and
blind spot (rotation and zoom procedure). (d) Selection of
individual ROI, including visible RNFL defect (white arrows).
(e) Resulting individual perimetric grid with circumscribed
stimulus condensation within the inferior hemifield (ROI) and
conventional, equidistant, 6� 61 spacing elsewhere. In case of
SCOPE local condensation of test points is based on previous field
examinations of the patient. (Reproduced from Schiefer
et al6 with permission of Arch Ophthalmol, 2003;121:458, Copyright
2003, American Medical Association. All Rights reserved.)
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Figure 2 Age-related (10 years of age) hill of vision, obtained
by smooth mathematical modelling.
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A time-lapse series, applying this model on the hills of

vision over age shows no relevant change up to the

fourth decade. At around the age of 40, the hill of vision

will shift, not only its level by moving downwards, but

also its configuration similar to incompletely closing an

umbrella.10

Clinical results of perimetry with spatially enhanced

stimulus density

Detection of glaucomatous VFD

Application of the method to a series of 66 patients has

shown how it can help to detect VFDs, with a higher

detection rate than conventional automated perimetry

(CAP), using a (6� 61) rectangular grid.6 For 15 patients,

CAP showed normal findings, but FOP revealed early

glaucomatous VFDs. Only one patient showed VFDs

with CAP, and normal results with FOP. Scotoma

detection rates significantly differed between the two

methods (Po0.001, sign test), and repeatability between

the two methods comparable.

Langerhorst et al11 demonstrated that higher test point

density within the central 101 VF enhanced scotoma

detection. Westcott et al12–14 showed a similar effect by

adding test locations within the region of the nasal step.

In contrast to FOP, both methods did not adapt stimulus

arrangements according to the individual morphological

findings, but used default grids thereby eventually

wasting time with additional test points in obviously

normal regions.

Basically, FOP can be applied in all cases of

circumscribed (morphological) loss, for example in pits

of the disc, segmental optic atrophy, circumscribed

chorioretinal lesions, branch occlusion of retinal arteries.

In cases of circumscribed scotomas without visible

structural changes, the application of SCOPE may be a

useful option.

After superimposing the results of perimetric results

with enhanced spatial resolution in a consecutive series

of 89 eyes of 75 glaucoma patients, the local spatial

frequency distribution of defective field localizations

(Po0.05) confirmed a higher frequency of VFDs in the

superior, compared with the inferior, hemifield. This

preference also occurred in the immediate vicinity of the

VF centre, that is glaucomatous optic neuropathy results

much more frequently in fixation threat within the

superior part than the inferior part (Nevalainen et al,

private communication).

Enhanced spatial resolution in ROI is achieved by

adding stimulus locations to the original grid. This

results in an increase of test duration. As a consequence,

the stimulus condensation has to be restricted to

circumscribed ROI. In addition, fast thresholding

algorithms, which are independent of the stimulus

arrangement, are most welcome to keep examination

time at a reasonable range. Developments of strategies in

this concern are underway.15

Thus, FOP has been validated for detecting the existence

of VFD, but it is also clinically important to measure disease

progression, in terms of VFD depth and size.

Follow-up of glaucomatous VFD

Careful evaluation of local DLS over time in perimetry,

with spatially enhanced stimulus density, reveals that

several modes of progression coexist in the VF of the

same patient. Progression may become manifest as

continuous deterioration of DLS over time, which can be

most adequately described by pointwise linear

regression in one location. Abrupt deterioration of DLS

(ie the event) may occur in another circumscribed area,

whereas a third location may indicate the risk of

progression by an increased DLS variability (ie neuronal

‘‘loose contact’’). Increasing the test point density in

regions of interest (ie areas of potential deterioration)

also reduces the disturbing impact of local variability by

also taking into account neighbouring locations.

An alternative approach was shown by the work of

Gardiner et al16 in terms of spatial filtering techniques,

which exploit this feature to reduce measurement noise.

By applying locally high-spatial resolution perimetry

to a series of 69 glaucoma eyes over a time series of at

least 2 years (with a minimum of four sessions),

approximately two-thirds (43/69) remained unchanged,

only 1% (1/69) showed an isolated change in size, 4%

(3/69) demonstrated an isolated change in depth and

32% (22/69) showed a combined change in depth

and size.17 As a consequence, CAP does not seem to

perform optimally in characterizing and quantifying

glaucomatous progression: CAP is predominantly used

for detection of glaucomatous scotoma progression in

depth, whereas a subtle progression in size usually

remains undetected because of its comparatively coarse

(6� 61) stimulus arrangement.

Conclusion

Structural data can be assessed in an almost

examiner-independent way. However, functional data

are irreplaceable with regard to any kind of expert

opinion, ability testing and assessment of visual

performance. Therefore, imaging and functional

diagnostics are not mutually exclusive, but

complementary ophthalmological tools. Morphological/

morphometric data can be used to focus functional

diagnostic methods to ROI individually and vice versa.

Enhancement of spatial resolution by increasing test

point density in ROI has been proven to be an efficient,

evidence-based tool in regard to detection and follow-up
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of glaucomatous VF loss. Nevertheless, perimetry

remains a rather artificial method. Further effort is

needed to predict/forecast the patient’s quality of life

and visual performance: in this regard, additional items

such as compensation of VFDs via gaze and head

movements have to be taken into account.
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