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Abstract

Fundus-driven perimetry, commonly known as microperimetry is a technique for measuring visual
field sensitivity, whilst simultaneously viewing the fundus. Here we review the technique,
focussing on the MP-1 microperimeter (Nidek Instruments, Inc., Padua, Italy); we compare it to
conventional static automated perimetry, emphasizing the importance of understanding the effects
of the different stimulus conditions and data analyses, on the interpretation of microperimetry
data. The clinical applications of the technique, in the evaluation of functional and structural
changes that accompany retinal diseases, are illustrated by its use in patients with age-related
macular degeneration, Stargardt disease, and retinitis pigmentosa. In addition, the advantages and
limitations of the technique are summarised.
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INTRODUCTION

Perimetry, the quantitative evaluation of the visual field, was introduced into clinical
medicine in 1856 by Albrecht von Graefe.! Static automated perimetry has since been
established as an important clinical tool in ophthalmology. However this form of
conventional perimetry cannot be used to accurately evaluate function of the macular area of
patients with retinal disease who have unstable and/or extrafoveal fixation. The technique of
microperimetry (more appropriately termed fundus controlled or fundus-driven perimetry) in
which perimetry is performed with simultaneous fundus viewing2=# provides a solution. It
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allows for the quantification of visual sensitivity at any specific point on the retina with
accurate test-retest reliability for the same point as well as accurate correlation to retinal
pathology. These measurements have become increasingly important in patients with retinal
disease due to the growing number of pharmacological and surgical interventions.

Early forms of microperimetry or fundus controlled perimetry were developed in the late
1970s. The scanning laser ophthalmoscope (SLO) was later implemented to enhance the
imaging capability of fundus controlled perimetry® and landmark-driven perimetry
techniques.5: 7

The development of commercially available microperimeters, such as the MP-1 (Nidek
Instruments, Inc., Padua, Italy), the OPKO Spectral OCT/SLO and Centervue Macular
Integrity Assessment Technology (MAIA), has led to widespread use of microperimetry.8-13
These instruments allow for registration of fundus imaging with the visual field map, and
make it possible to compare retinal morphology to visual function. The main advantage of
these automated microperimeters is that they can be used to evaluate visual sensitivity in
patients with eccentric and/or unsteady fixation; another advantage is that they can be used
to quantify the location and stability of fixation, measurements that are relevant in the
evaluation of disease progression.

Here we review the technique focussing on the MP-1 microperimeter, compare it to
conventional static automated perimetry, emphasizing the importance of understanding the
effects of the different stimulus conditions and data analyses, in the interpretation of
microperimetry data. Additionally, we illustrate its utility in the evaluation of functional and
structural changes that accompany retinal disease affecting the macula. It should be noted
that in this review, we use the term “visual” rather than “retinal” when referring to function
assessed with microperimetry, as it is a psychophysical technique, and the resulting
measurements reflect the sensitivity of the visual system as a whole, rather than just the
retina.

MICROPERIMETRY AND CONVENTIONAL STATIC PERIMETRY:
SIMILARITIES AND DIFFERENCES

The MP-1 microperimeter presents stimuli on a liquid crystal display background. The
mesopic background luminance, at 1.27cd/m2, allows for stimuli to be presented over a 2
log unit dynamic range (0 to 20dB), using a Goldmann 111 stimulus. The size and colour of
the stimuli and fixation target may be varied and thresholds can be estimated using a “4-2
dB” or “4-2-1 dB” staircase strategy.

The MP-1 offers various stimulus patterns to test the central visual field. Clinicians however
should be aware that the “10-2” pattern differs slightly from the “10-2” pattern available on
the Humphrey Field Analyzer (HFA 11 750, Carl Zeiss Meditec, Dublin, CA). For the HFA,
the stimulus separation is fixed at 2°, whereas for the MP-1, the mean separation is 2.3°
(+0.08°).14 However, a “10-2” pattern with a stimulus separation of 2° may be programmed
into the MP-1, using the custom pattern option, which can include stimulus locations at
retinal eccentricities between 0° and 22°.

The fundus image is viewed via an infrared fundus camera, and tracked throughout
perimetric testing, whilst visual field data are mapped directly to the fundus image.
Significant deviations in the patient’s fixation cause perimetric testing to be interrupted until
fixation is restored. The MP-1 incorporates a colour fundus camera, the image from which
may be registered to the infrared image, after perimetric testing. Alternative fundus images
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e.g. short-wavelength fundus autofluorescent images, may be imported to the instrument
software for registration with the visual field data.

Sensitivity values can be displayed as numeric, symbolic or interpolated colour maps. The
local defect map displays numeric deviations from the machine normative data and classifies
abnormalities as “suspect”, “relative scotoma” or “absolute scotoma” (Figure 1). In addition
to automated static perimetry assessments such as kinetic perimetry, fixation tasks and
reading tasks, may also be performed on the MP-1.

In contrast, conventional static perimetry as implemented by the HFA presents stimuli upon
a cupola background with a luminance of 10 cd/m2. The dynamic range is 5 log units. Gaze
monitoring is performed via an infrared system that measures the distance between the first
corneal reflex (Purkinje 1) and the pupil centre. Statistical analyses of visual field data
include global indices, total and pattern deviation probability analyses, as well as disease
progression analyses. On the HFA, thresholds can be estimated using the Swedish
Interactive Threshold Algorithm (SITA). This group of algorithms minimises test duration
whilst maintaining the quality of data compared to the Full Threshold strategy!® (similar to
the “4-2” strategy), which uses smaller dB steps.

FACTORS THAT CAN AFFECT THE INTERPRETATION OF VISUAL FIELD
RESULTS

Adaptation Levels

Despite similarities in spatial patterns, stimulus sizes and threshold procedures there are
important differences between the MP-1 microperimeter and the HFA that need to be taken
into account when interpreting the visual field results.14. 16. 17

A fundamental difference is the background luminance levels provided by the two
instruments; stimuli are presented on a lower background level on the MP-1 than on the
HFA. The systems mediating detection of the test lights may differ under the higher
adapting background conditions of the HFA, from those mediating detection at the lower,
mesopic background levels of the MP-1. For the MP-1, as the test lights are presented on a
low mesopic background, thresholds may be mediated by a mixed rod-cone system response
or by mainly a cone system response (Crossland MD, et al. IOVS 2012;53:ARVO E-
Abstract 4822). The systems mediating detection will also depend on the extent and type of
damage resulting from retinal disease, retinal eccentricity and on intricate photoreceptor
interactions.18-20

We recently demonstrated that, in retinitis pigmentosa (RP), the MP-1 detected a greater
sensitivity loss than the HFA, whereas in glaucoma the MP-1 detected less extensive loss.16
An explanation for this difference is due to the dimmer background luminance of the MP-1.
In RP, a disease which primarily affects the photoreceptors, increment threshold
measurements are dependent upon adaptation level, however in glaucoma, which primarily
involves the inner retina or postreceptoral sites, increment thresholds are independent of
adaptation level.21: 22 This suggests there should be improved performance of the MP-1 in
the detection of defects due to RP.

Dynamic Range

Another key difference between the two instruments that can affect clinical interpretation of
visual field results is the difference in dynamic range. The limited dynamic range of the
MP-1, of 2 log units, revealed ceiling and floor effects in individuals with macular
disease?3-25 and in individuals with RP and glaucoma,8 thus restricting the ability to follow
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patients with defects either too severe or too subtle relative to the dynamic range of the
MP-1. In healthy individuals, a flattened age-related sensitivity decline was found due to the
significant ceiling effect in the MP-1 data.14 26 Despite the ceiling effect in healthy
individuals, a linear relationship was found between thresholds when comparing the MP-1
with the HFA and with the OPKO.’

Normative Data

In order to identify and quantify visual field defects normative data are essential. The MP-1
normative database was collected using a 77-point 10° circular grid in which the separation
increases with eccentricity (4-2-1 threshold strategy).2* Data must be interpolated by the
MP-1 local defect analysis, when stimulus patterns other than the 77-point grid are used. In a
recent study, we applied a Bayesian model to the non-gaussian MP-1 data (10-2 pattern, 4-2
strategy, in healthy individuals) in order to derive the global indices and probability defects
similar to those used by the HFA.14 We found that the local defect map of the MP-1, based
on the machine normative data appeared to overestimate defects compared to those derived
by the Bayesian model, when using the 10-2 pattern.14. 16

Another observation of MP-1 normal data that may affect interpretation is the increased
variability and decreased sensitivities found in the superior retina.14: 26. 27 This effect is
thought to be caused by an instrument artefact and can be corrected for mathematically
(Woods RL et al. Apparent visual field defect found with Nidek MP-1 microperimeter is
caused by an instrument artefact. Vision 2008 The 9th International Conference on Low
Vision; Montreal, Canada).

ADVANTAGES AND LIMITATIONS OF THE MP-1

Microperimetry offers several advantages over conventional perimetry. The precise fundus
tracking throughout perimetric testing is very useful in the study of subjects with unsteady
or non-foveal fixation and the simultaneous quantification of fixation stability offers
additional helpful information. The co-registration of the results to the fundus image allows
for structural to functional comparisons, although these may be limited by the accuracy of
potential mapping errors during image registration. The mesopic adapting background of the
MP-1 may result in a greater sensitivity to defect detection in receptoral disease, however
the dynamic range may limit the number of individuals that can be examined. In addition,
the ceiling effect in visual sensitivities in normal individuals complicates the modelling of
normative data in order to define abnormality. Additional possible confounders in the
interpretation of abnormality are the increased variability in the superior retina and the
potential for defocus, due to lack of provision for cylindrical refractive correction in patients
with significant astigmatism. Further disadvantages are that the MP-1 does not allow for
adaptive threshold-estimating strategies; in retinal disease, this lengthens examination
timel6: 28 and increases susceptibility to fatigue effects. Newer microperimeters have
already addressed some of the limitations of the MP-1, such as providing a wider dynamic
range and the ability to test dark adapted sensitivity, these and other improvements will
serve to establish microperimetry as a very useful clinical instrument in ophthalmology.

ROLE OF MICROPERIMETRY IN EVALUATING FUNCTIONAL CHANGES
ASSOCIATED WITH RETINAL DISEASE AFFECTING THE MACULA

To illustrate its role in a clinical setting we review the use of microperimetry in age-related
macular degeneration (AMD), Stargardt disease, and RP.
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Age-related Macular Degeneration

In early and late-stage AMD, microperimetry has proved to be a useful clinical tool. In early
AMD it has been used to evaluate visual sensitivity over discrete areas of lesions such as
drusen. For example, sensitivity was found to be reduced in early AMD;2? specifically it
was decreased in areas of drusen and pigmentary change.39 The relationship between
structural change using spectral domain optical coherence tomography (SD-OCT) and visual
sensitivities assessed with microperimetry have also been examined.31: 32 The ability to co-
register morphological features of neovascular AMD with microperimetric results has
allowed for the evaluation of the differential impact of retinal changes on the corresponding
sensitivity. Pigment epithelial detachments were associated with a greater variability in
sensitivity than other morphological features of neovascular AMD, whilst locations of
neovascular complex demonstrated sensitivities of 0dB.31 In a recent study of patients with
early AMD we found that there was significant thinning of the outer segment layer and
thickening and elevation of the retinal pigment epithelium and that there were significant
relationships between outer segment layer thickness values and visual field loss (Figure 2).32
Thinning of the outer segment layer in early AMD is consistent with known structural
changes associated with drusen, in terms of decreased photoreceptor density33 and deflected
and shortened photoreceptor outer segments.34

In late-stage AMD features such as disrupted retinal pigment epithelium, absent
photoreceptor integrity and macular oedema have been associated with severe sensitivity
loss.31 Microperimetry has been used to quantify the loss in visual sensitivity over time, for
example a longitudinal decline in mean sensitivity was found in individuals with geographic
atrophy, when followed over a period of 2 years3® and in individuals with progressive
atrophic macular disease with stable visual acuity, when followed over 1 year.2>
Microperimetry has also been used as an outcome measure to demonstrate improved visual
sensitivity following pharmaceutical therapy in AMD.36-38

Retinitis Pigmentosa

Microperimetry has been advocated as a potential outcome measure of macular function for
clinical trials involving patients with RP.39 In a study which used red stimuli upon a red
background (1 cd/m?) to avoid ceiling effects in patients with RP, near-normal sensitivities
were observed in parafoveal regions while sensitivities decreased with increasing
eccentricity.3?

As in AMD, microperimetry has been used in studies comparing the relationships between
retinal morphology and function.#%-42 For example, in RP, rings of hyperautofluorescence
are seen in short-wavelength fundus autofluorescence imaging. The inner border of the ring
corresponds spatially to the lateral extent of the preserved inner segment ellipsoid (ISe) band
aka the photoreceptor inner segment/outer segment junction. In the area outside the ring of
hyperautofluorescence, visual sensitivity was reported to be markedly decreased or non-
recordable.0: 41 It was relatively preserved inside the hyperfluorescent ring, and decreased
within the region of hyperfluorescence (see examples in Figure 3).40 Mean sensitivity was
significantly correlated with the extent of normal-appearing fundus autofluorescence inside
the ring.40: 42

Stargardt Disease

In patients with ABCA4-associated retinal degeneration (STGD), microperimetry has also
been recommended as a reliable outcome measure of macular function.39: 43. 44 Reduced
visual sensitivity was noted in the parafovea and higher sensitivity in the perifovea, in
patients with STGD, who underwent red-on-red microperimetry testing.3° No relationship
was found between repeatability and sensitivity, and it was concluded that a single estimate
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of test-retest repeatability was appropriate to determine significant change in local visual
function.39

In STGD, there is relative sparing of the peripapillary area and it has been suggested that
this is a region of interest for monitoring the efficacy of treatment in this disease. A detailed
structural and functional characterization of this retinal region is therefore of interest. A
recent study compared the relationship between retinal structure and function of this region
and the central macula, using SD-OCT and microperimetry.43 In patients with extramacular
disease, there was a greater loss in visual sensitivity in the temporal compared to the nasal
macula, which corresponded to photoreceptor layer thickness abnormalities; whereas in the
peripapillary area in these patients, less abnormality was observed in the functional and
structural findings.3 In another study comparing microperimetry results with SD-OCT
imaging, STGD patients were classified into groups according to whether there was
disorganisation or loss of the photoreceptor inner segment/outer segment junction at the
fovea and it was found that visual sensitivity significantly differed between these groups.*4

CONCLUSION

In summary there is an increasing amount of evidence supporting the usefulness of
microperimetry both as a clinical instrument and as a research tool. The clinician should
however be aware of the differences between microperimetry and conventional perimetry,
differences in the manufacturer’s design that may affect testing conditions and therefore, the
interpretation of results. The advantages over conventional perimetry include fundus
tracking features and the co-registration of the perimetric results with fundus imaging.
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Figure 1.
(7op) Humphrey Field Analyzer (10-2 pattern, SITA Standard) and (bottorm) MP-1

microperimetry (10-2 pattern, 4-2 strategy) results from a normal individual (age 29).
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Figure2.

(Lef) Segmented SD-OCT image from an eye with early AMD. A computer-aided manual
segmentation procedure was used.*® The following layers have been demarcated (from outer
to inner retina): Bruch’s membrane (red), retinal pigment epithelium (lower border: yellow
and upper border: green) and inner segment ellipsoid band (blue). (Right) MP-1
microperimetry 10-2 visual field superimposed on a colour fundus photo. The white line
corresponds to the SD-OCT scan.
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Figure 3.
MP-1 microperimetry 10-2 results for 2 patients with retinitis pigmentosa superimposed on
short-wavelength fundus autofluorescent images.
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