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and Visual Function Branch, National Eye Institute, National Institutes of Health, Bethesda, MD, USA; cSave Sight Institute, Discipline of 
Ophthalmology, University of Sydney, Sydney, Australia; dVision and Eye Research Institute, Anglia Ruskin University Medical School, 
Cambridge, UK

ABSTRACT
For many inherited and acquired retinal diseases, reduced night vision is a primary symptom. Despite 
this, the clinical testing options for spatially resolved scotopic vision have until recently been limited. 
Scotopic microperimetry is a relatively new visual function test that combines two-colour perimetry 
with fundus-controlled perimetry performed in scotopic luminance conditions. The technique 
enables spatially resolved mapping of central retinal sensitivity alongside the ability to distinguish 
between rod and cone photoreceptor sensitivities. Two companies produce commercially available 
scotopic microperimeters – Nidek (Nidek Technologies Srl, Padova, Italy) and CenterVue (CenterVue S. 
p.A., Padova, Italy). Scotopic microperimetry is a promising technology capable of detecting changes 
in retinal sensitivity before changes in other measures of visual function. Scotopic microperimetry is 
a promising functional biomarker that has the potential as a useful clinical trial outcome measure. This 
review summarises the evolution and applications of scotopic microperimetry, and discusses testing 
options, including testing grid selection, dark-adaptation time and threshold sensitivity analyses.
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Introduction

The investigation of scotopic (i.e. luminance < 10−3 cd.m−2) 
visual function, mediated by rod photoreceptors, is becoming 
increasingly relevant.1 Reduced scotopic vision is an early symp-
tom in many conditions, including rod-cone degenerations,2,3 

chorioretinal degenerations and maculopathies.4,5 With promis-
ing new therapies on the horizon, it is important to have appro-
priate visual function markers to identify suitable patients and to 
monitor localised treatment effects. Traditional methods for 
investigating scotopic retinal function include dark adaptome-
try, which is performed at pre-determined loci.

As well as global functional measures such as full-field 
stimulus threshold testing and the International Society for 
Clinical Electrophysiology of Vision standard flash scotopic 
full-field electroretinography (ERG). Although such spatially 
integrated testing is useful to aid diagnosis, particularly in the 
presence of poor fixation and very low vision, such methods 
cannot provide detail on spatial variations in retinal function. 
Furthermore, scotopic full-field ERG is often insensitive to low 
levels of rod photoreceptor function.

Three fifths of the visual cortex (V1) is dedicated to the 
central 20 degrees of visual field. As a result the human visual 
system is biased towards processing information received 
from the central retina under both photopic and scotopic 
conditions (i.e. the cortical representation of the macula is 
larger than that of the periphery). For this reason, assessing 
central retinal function is arguably most critical.6 Fundus- 
controlled perimetry, or microperimetry, allows spatially 
resolved mapping of central retinal sensitivity. It can capture 
disease severity and disease progression outside of the fovea 
(or preferred retinal locus), which can be missed with visual 
acuity (VA) testing alone.7,8

Microperimetry has been extensively used for over two 
decades and is now an established clinical trial outcome 
measure.9 However, microperimetry is generally performed 
under mesopic conditions, which maximises target detection 
redundancy, since multiple retinal mechanisms contribute to 
the detection of achromatic stimuli.10 This prevents the ability 
to isolate the target detection system responsible for the 
threshold, e.g. rod or cone.

The development of two-colour perimetry coupled with 
dark-adapted fundus controlled microperimetry (known as 
scotopic microperimetry) has been driven by the need to 
improve the efficacy of measuring rod dysfunction and loss. 
Two companies currently produce commercially available 
fundus-controlled perimeters with scotopic capabilities: 
Nidek (Nidek Technologies Srl, Padova, Italy) and CenterVue 
(CenterVue S.p.A., Padova, Italy). The need for scotopic peri-
metry in clinical trials has previously been highlighted.11 This 
review summarises the evolution and applications of scotopic 
microperimetry, discussing testing options, including testing 
grid selection and dark-adaptation time and threshold sensi-
tivity analyses.

Two-colour perimetry

Two-colour perimetry is a psychophysical test designed 
to isolate and quantify rod and cone function perimetri-
cally at fixed background luminance. The technique 
exploits differences in spectral sensitivities between rod 
(peak sensitivity of 505 nm) and the cone-mediated lumi-
nance mechanisms (peak sensitivity at the cornea of 
about 555 nm). Typically, short-wavelength targets are 
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used to probe rod dominant sensitivity under scotopic 
conditions, whilst long-wavelength targets presented on 
a neutral (white) photopic background are used to sup-
press rods and isolate responses from the additive med-
ium (M) plus long (L) wavelength sensitive cone 
mechanisms.12

Two-colour perimetry has a long-standing history, with its 
earliest incarnations implemented using manual 
perimeters.13–16 Jacobson et al.,17 in 1986, were the first to 
combine the technique with automated perimetry. They 
modified a commercially available perimeter (Humphrey 
Visual Field Analyser) to perform dark- and light-adapted two- 
colour full-field static perimetry to examine patients with 
retinitis pigmentosa. The initial aim of the technique was to 
topographically assess both rod and cone function (at a time 
when multifocal ERG techniques were not available). Latterly, 
the method has been applied to evaluate the effects of 
emerging treatments such as gene therapy for Leber’s con-
genital amaurosis.18

In scotopic microperimetry, threshold is assessed using 
short-wavelength stimuli (typically 480-500 nm) at various 
retinal locations. The same locations can then be tested 
using a long-wavelength stimulus (typically 640-660 nm) 
while still under scotopic conditions, which is in contrast to 
conventional two-colour perimetry. Testing this way, with 
a long-wavelength target under scotopic conditions enables 
evaluation of dark-adapted spectral sensitivity difference. In 
healthy subjects, rod dominant responses are isolated using 
a short-wavelength stimulus and mixed rod/cone responses 
are probed using a long-wavelength stimulus (except for 
foveally presented targets). The lack of photopic testing limits 
its ability to isolate cone function.19,20 The cyan and red 
stimuli luminosity are calibrated so that in healthy individuals 
the difference between cyan and red sensitivity should be 
0 dB beyond the rod free zone. In patients with retinal dis-
ease, the difference between cyan and red sensitivity needs 
to be elucidated to understand the extent of rod 
dysfunction.21

The development of commercially available two-colour 
perimeters has been slow. Previous research has been 
limited by the need for specialised modifications to exist-
ing perimeters. More recently, a dedicated device has 
become commercially available: the dark-adapted chro-
matic perimeter (Medmont International Pty Ltd; Victoria, 
Australia),22 while another device, the MonCVOne 
(MetroVision, Perenchies, France), is available with scoto-
pic perimetry capabilities built in.

Several studies using the Medmont dark-adapted chro-
matic perimeter have investigated wider visual field rod 
function in retinitis pigmentosa and age-related macular 
degeneration (AMD) to improve the characterisation of 
localised rod photoreceptor function. This has significance 
particularly in the early detection of disease and monitor-
ing the effects of potential therapeutic agents.23–26 

However, the dark-adapted chromatic perimeter, although 
useful for wide-field perimetry, does not incorporate eye- 
tracking capabilities to mitigate errors due to unstable 
fixation. Currently available microperimeters address this 
shortcoming with scotopic and two-colour perimetry 
functions.

Commercially available microperimeter machines 
with scotopic capabilities

Nidek microperimeter-1/1S

The MP-1S was launched in 2012 for scotopic testing.9 It 
includes a slider attached to the machine, allowing a neutral 
density filter (usually 2.0) combined with a short pass filter 
(≤500 nm) to be inserted into the stimulus optical pathway, 
without affecting the infrared fundus camera, eye tracking 
and fixation control system.27 The 2.0 log unit neural density 
filter reduces the internal luminance of liquid crystal display 
(LCD) to a background luminance of 0.0025 cd/m2, while the 
short pass filter attenuates longer wavelengths to optimise 
the stimuli for assessment of rod dominant function.9 

However, the internal LCD specification limits the stimuli 
range to 20 dB making it prone to ceiling effects.27 

Furthermore, unlike two-colour perimetry, only a single short- 
wavelength stimulus was employed, limiting the isolation of 
rod photoreceptor dysfunction.

Using different neutral density filters to increase the 
dynamic testing range has been recommended, although 
this alters the background and stimuli luminance. Steinberg 
et al.28 recommended performing a short perimetry ‘filter’ 
test to determine the most appropriate ND filter to use for 
a patient. However, it is still common that some test-points 
will be outside of the selected filter dynamic range (< 0 dB or 
> 20 dB). Furthermore, typically less dense (lighter) ND filters 
are required for follow-up visits due to overall decline in 
retinal sensitivity with disease progression (e.g., 1 Log Unit 
instead of 2 Log Units). This limits longitudinal assessment 
since the variable background and stimuli intensities inhibits 
measurement of true sensitivity change over time.28,29

An alternative modification involves adding filters exter-
nally to the MP-1 to reduce stimuli luminance and stimulus 
wavelength. Such as a Schott long-pass filter (RG780; 590 nm; 
red) and a Schott short pass filter (BG3; < 502 nm; blue) to 
isolate long and short spectral sensitivity, respectively.30 

However, as the filters are placed externally, they affect 
both the optical path for stimulus projection and the infrared 
camera used by the eye tracking system. The impact of 
reduced camera visibility on the eye tracking system is 
unknown.

Despite these limitations, the MP-1S has proven to be 
a suitable tool to map central scotomata and correlate func-
tional defects to fundus topography (Figure 1).27 It can detect 
greater functional defects than photopic perimetry in 
patients with macula-involving disease processes, including 
non-exudative AMD and Stargardt’s disease.28,31 In addition 
to highlighting reduced visual function prior to structural 
changes being detectable with optical coherence tomogra-
phy and infrared imaging at specific retinal loci.31,32

Nidek MP-3 type S

An updated Nidek microperimeter, the MP-3 type S (launched 
in 2019), incorporates scotopic microperimetry with an 
extended stimulus intensity range (0-24 dB, increased from 
20 dB in the MP-1S), generating a maximum stimulus inten-
sity of 0.097 cd/m2 with a background luminance of 
0.00095 cd/m2.9 However, this is still less than the S-MAIA 
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stimuli luminance range (discussed below). On the other 
hand, the stimulus size of the MP-3S can be increased to 
Goldman V, increasing the dynamic range in ‘practical 
terms’, by making the target ‘easier’ to detect. At the time 
of writing, there are two studies reported in conference pro-
ceedings using this device33,34 but peer-reviewed reports 
have yet to be published.

Scotopic macular integrity assessment (S-MAIA)

The S-MAIA (MAIA, CenterVue S.p.A., Padova, Italy) enables 
scotopic testing (at background luminance < 0.001 cd/m2) 
with two projection LEDs with peak wavelengths of 505 nm 
(cyan) and 627 nm (red) (Figure 2). The current S-MAIA model 
has a dynamic stimuli range of 36 dB, consisting of stimulus 
luminance levels between 0.00064 scotopic cd/m2 and 2.545 
scotopic cd/m2. The early S-MAIA prototype versions had 
a dynamic range of 20 dB, this was extended to 36 dB by 
increasing the intensity range of the stimulus targets.35 Test- 
retest variability is similar to mesopic microperimetry in both 
healthy controls and patients with macular disease.36,37 

Although the maximum variability is seen within the cyan 
testing in the central 1 degree (the rod-free region).38

Subsequent studies have demonstrated that both mesopic 
and scotopic microperimetry techniques can detect retinal 
dysfunction due to exudative and non-exudative AMD, even 
when VA is well-preserved.5,39,40 Similarly, the S-MAIA scoto-
pic microperimetry has been shown to detect greater cyan 
dysfunction, suggesting greater rod then cone photoreceptor 
dysfunction for several maculopathies.5,21,40,41 On the other 
hand, patients with macular telganectisa type 2 who had 
a greater loss of macular pigments showed reduced red 
stimuli sensitivity.21

More recently, the S-MAIA has demonstrated the patterns 
of rod and cone loss in a heterogeneous group of rod-cone 
dystrophies.42 In addition, subtle changes in the outer nuclear 

layer and retinal pigment epithelial thickness have been 
associated with a marked change in cyan sensitivity.5,38 

Scotopic sensitivity also appears to be associated with drusen 
volume.43 Overall S-MAIA scotopic microperimetry has poten-
tial as an early disease marker that is associated with early 
retinal structure change in several diseases. S-MAIA scotopic 
microperimetry may enable a greater understanding of the 
patterns of disease progression. The use of the S-MAIA for 
AMD will be further validated in large-scale studies, including 
an EU-funded MACUSTAR study,44 and the ALSTAR2 study, 
which is currently ongoing at the University of Alabama.45

The S-MAIA has yet to be standardised. In particular, meso-
pic MAIA with its Maxwellian view system does not require 
pupillary dilatation for pupils ≥ 2.5 mm as the exit pupil of the 
optical system is 2.5 mm: this has been confirmed by empiri-
cal assessment in patients.46 Whilst this has so far not been 
validated under scotopic conditions, there is no reason why 
this should differ for S-MAIA scotopic microperimetry, parti-
cularly as eyes will normally dilate in lower light levels in all 
patient groups, apart from those with paradoxical pupillary 
constriction (e.g. rod monochromats/achromats) or iris 
abnormality.

Testing methodologies and considerations

Testing grid selection

Both the MP-1S and S-MAIA have in-built and customised grid 
capabilities; the latter is useful when tailoring testing to 
a particular research question. There are no standardised 
testing grids, which limits comparisons of results between 
studies. As with standard automated perimetry, grid design, 
including total size and stimulus spacing, requires a careful 
balance between the extent of retinal sensitivity assessment 
and testing duration and subsequent patient or participant 
fatigue.

Scotopic test grid patterns used to date include recti-
linear arrangements (such as the 10-2), radial patterns 
(Figure 3), and horizontal single or double meridian patterns 
applied to simplify structure-function analyses.47 In the first 
validation study of scotopic microperimetry using the MP-1, 
Crossland et al. used a grid containing 100 testing points 
across a 10-degree square.27 Radial patterns appear to be 
the most frequently used approach with both devices; how-
ever there are often differences in the total number of test-
ing locations (between 33 and 56 point locations), the 
arrangements and size of central visual field assessment, 
ranging from 6 to 14 degrees.31,32,39,48 Similarly, caution 
should be exercised with the mean sensitivity index in radial 
patterns due to the effects of spatial weighting. In these 
instances, the higher concentration of stimuli within the 
foveal region creates a higher sampling density, influencing 
the validity of averaging indices that may not be relevant to 
scotopic testing where the rod rich parafovea is of greater 
interest.9

A standardised grid pattern may seem attractive, such as 
the 10-2 rectilinear grid that enables a ‘threshold’ visual field 
assessment of the Amsler grid, that was designed to assess 
macular cone function.49 However, predefined grid patterns 
do not consider the individual distribution of scotomata and 
have a limited spatial resolution in areas of interest38; extra 
testing time is ‘wasted’ assessing areas with no recordable 
visual function.9

Figure 1. Nidek scotopic microperimetry results in a patient with age-related 
macular degeneration and reticular pseudodrusen showing reduced cyan 
stimulus sensitivity in the superior macular, corresponding to increased density 
of reticular pseudodrusen.
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Pfau et al.35,38 described using patient-tailored perimetry 
grids to maximise testing density in regions of interest using 
custom-built software for individuals with geographic atrophy. 
The software places test points along contour lines surround-
ing the area of atrophy at predefined distances (typically 
a total of 60 tests points per eye corresponding to an average 
exam time of 10 minutes). The approach can also be applied in 
other diseases where precise monitoring of scotoma bound-
aries is of interest (e.g. Stargardts disease). By focusing on the 
scotoma boundary of specific lesions, this approach is not 
designed to provide ‘global’ function assessment but rather 
a more localised assessment on an area of interest.9

Dark adaptation time

Scotopic testing aims to determine representative thresholds 
in scotopic conditions: the time taken to adapt to this extent 
depends upon several variables, chief of which is the retinal 
illuminance prior to dark adaptation. In short, the greater the 
retinal illuminance prior to testing, the longer it will take to 
reach absolute threshold. There are discrepancies in dark adap-
tation duration undertaken prior to scotopic microperimetry 
testing in the literature. Most studies have utilised adaptation 
times of between 30-45 minutes, in keeping with the rod 
adaptation plateau in healthy individuals.31,41,50 However, the 

kinetics of dark adaptation slow with age and in certain ocular 
diseases, including AMD and many inherited retinal 
degenerations.51–53

In theory, without extensive dark adaptation times, it is 
impossible to ensure that all individuals (particularly those 
with retinal disease) are sufficiently adapted to achieve abso-
lute threshold results. However, two studies have compared 
10, 20 and 30 minutes dark adaptation before testing healthy 
individuals and found 20 minutes sufficient, with little change 
in sensitivity between 20 and 30 minutes.54,55 Similarly, in 
a mixed cohort of patients with rod/cone degenerations, 
a comparison of results obtained after 20 and 40 minutes 
also found that 20 minutes was sufficient to obtain reliable 
results.42

Dark adaptation curves using the Espion Visual 
Electrophysiology System dark adaptometry module 
(Diagnosys, LLC, Cambridge, UK) in choroideremia have 
shown a linear correlation; the decline in sensitivity at one 
time point is predictive of the sensitivity at a later time point 
regardless of the severity of absolute sensitivity loss.56 This 
work suggests that it is not necessary for the eye to reach 
absolute sensitivity levels to understand scotopic dysfunc-
tion. A dark-adaptation time of 20 minutes is less arduous 
on patients or study participants, and the reduced testing 
duration would make the scotopic microperimetry clinically 
more practical.

Figure 2. S-MAIA pointwise scotopic microperimetry central retinal sensitivity results after testing with a radial grid. A: Cyan stimulus threshold results for a healthy 
participant with ‘normal’ visual function. B: Red stimulus threshold results for the same healthy participant with ‘normal’ visual function. C: Calculated cyan and red 
stimulus threshold differences for the healthy participant.

Figure 3. Two grid options available on the S-MAIA. A: Example of the linear 10-2 grid made up of 68 points. B: Example of a radial plot with 37 points.
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Twenty minutes may be satisfactory in healthy individuals 
or those with cone-rod degenerations without variants in 
visual cycle-related enzymes. However, dark adaptation is 
often impaired in AMD, and it may take up to 40 minutes 
for the rods to recover sensitivity to enable assessment of 
absolute threshold.57 Furthermore, in diseases with a direct 
impairment of the visual cycle including: RPE65-associated 
Leber congenital amaurosis, congenital stationary night 
blindness, Sorsby’s macular dystrophy, late-onset retinal 
degeneration, overnight dark-adaptation by patient self- 
patching would optimise assessment of absolute threshold.58

Overnight adapted sensitivity results could be useful to aid 
diagnosis and understanding of disease mechanisms; however, 
they would have limited use as a marker for everyday visual 
function. Furthermore, if dark adaptation duration is optimised 
for healthy participants, in patients with delayed dark adapta-
tion due to their eye condition, this could increase the sensitivity 
of scotopic microperimetry to identify decrements of disease.

The decision on the length of dark adaptation time used 
should balance the accuracy of uniform adaptational state 
and associated improvement in responses. Coupled with 
a pragmatic approach based on what is clinically viable and 
the purpose of the functional assessment e.g. an assessment 
to understand visual function in everyday living vs an assess-
ment of absolute thresholds to understand disease 
mechanisms.

Analysis techniques

Scotopic microperimetry indices

Microperimetry indices are related and influenced by the test-
ing grid selection. The standard scotopic microperimetry out-
put, with the Nidek and MAIA devices is a pointwise sensitivity 
for each test location and an overall mean sensitivity. Further 
analyses of visual field irregularities, including total deviation, 
localised mean sensitivity and pattern standard deviation, 
require reference to normative data and spatial 
interpolation.38,59,60 However, these analyses are limited in 
microperimetry due to variability in the spatial locations being 
tested in different individuals, limiting reliable comparisons.59

Currently, there are no standardised reference data sets 
built into either the MP-1S or S-MAIA software to enable 
automatic analysis. Pfau et al. applied spatial interpolation 
modelling previously described by Dennis and Artle,59,60 to 
scotopic microperimetry data from 40 healthy control parti-
cipants. These interpolated reference maps could subse-
quently be applied to calculate pointwise sensitivity loss 
values for any test pattern, including the patient-tailored 
patterns for patients with geographic atrophy.35,38

Further microperimetry parameters include measurement 
of relative and absolute scotoma, zonal analyses, cluster 
mean sensitivity of responding-, perilesional- and extra- 
lesional loci, as well as changes in these regions.8,9,61 These 
indices may be helpful, although they have yet to be widely 
applied to scotopic microperimetry.

Hill of vision volumetric analyses has recently been applied 
to mesopic microperimetry to overcome the issues of spatial 
weighting in averaged indices, hindering identification of 
localised sensitivity changes and reduced validity with irregu-
lar or centrally condensed grid testing patterns. These analy-
sis models follow on from static full visual field modelling 
involving custom software by Weleber et al.62

Volumetric indices quantify the magnitude of visual field 
sensitivity by modelling a hill of vision from point sensitivity 
data, therefore permitting meaningful comparisons between 
different grid patterns obtained with consistent testing con-
ditions. This may help reduce the testing times involved in 
high-resolution mapping by combining examinations from 
multiple short-interval visits.63,64 The total volume or 
a specific field subset volume can be calculated.

The future scope could include using mixed-effects models 
to combine volume measures with other factors such as: age or 
participant variability. These analyses are yet to be applied to 
scotopic microperimetry but could help analyse subtle sensi-
tivity defects, localised regions of hyposensitivity or more glo-
bal binocular visual function. In addition, techniques like 
volumetric analysis can also combine monocular testing grids 
to create binocular retinal sensitivity maps. These may correlate 
more strongly with everyday patient experiences and reported 
functional vision, supporting health economic analyses.

Scotopic microperimetry limitations

Scotopic microperimetry is time-consuming, requiring approxi-
mately 25 minutes of testing plus dark adaptation time.48 It 
requires very dark (< 0.1 lux) testing facilities, which may not 
always be feasible. Two-colour scotopic testing (i.e. using 
a short- and a long-wavelength target) has the advantage of 
assessing absolute threshold and rod dysfunction; however, 
the isolation of cone function is inherently limited.10 In scoto-
pic two-colour microperimetry photoreceptor adaptational 
asymmetries (i.e. where rods are assessed at absolute thresh-
old and cones are assessed where Weber’s law holds) may 
artefactually favour the detection of rod abnormalities. This 
asymmetry may be further increased by ‘filter effects’ such as 
pupil size and media opacities increasing the absorption of 
short wavelengths and crucially receptor defects.10,20

Research to determine precise two-colour perimetry proce-
dures, variability, confounding factors, and reliability of scoto-
pic testing is ongoing.11,22–25,65 Differences between current 
scotopic microperimetry devices include projected stimulus 
size, fixation target size, background luminance levels, stimu-
lus intensity range and maximum stimulus intensity, which 
limit any meaningful comparison of results between devices 
(Table 1). The minimum stimulus intensity of both the S-MAIA 
and Nidek machines is so low, the dynamic ranges are dictated 
by the maximum stimulus intensity, which is most relevant for 
patients with retinal disease and minimises the floor effect. 
The minimum can be calculated from the information pro-
vided using the equation dB = 10 * log (Lmax/L).

A comparison of the S-MAIA and Nidek MP-1S was con-
ducted for AMD by Steinberg et al. Both machines could 
detect changes in the patient population, but thresholds 
were not directly comparable.48 The initial S-MAIA studies 
were performed on an S-MAIA prototype model with 

Table 1. Background and maximum stimuli luminance for each of the micro-
perimeters in scotopic mode testing.

Scotopic 
microperimeter

Background 
luminance (cd/ 

m2)
Maximum stimulus 

intensity (cd/m2)

Stimuli 
intensity range 

(dB)
Nidek MP-1S 0.0025 0.257 0-20*
Nidek MP-3S < 0.001 0.097 0-24
S-MAIA < 0.001 2.545 0-36

*Extended with neutral density filters-
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a maximum of 20 dB stimulus intensity range for scotopic 
testing, resulting in ceiling and floor effects. Subsequently, 
the S-MAIA was upgraded to include a 36 dB stimulus inten-
sity range for scotopic testing mode. Although floor effects 
have still been reported and the S-MAIA remains limited in 
the upper bounds of the stimulus intensity range (i.e., unsui-
table to evaluate severe degrees of rod dysfunction).38

The MP-1S is limited by the need for different neutral 
density filters to extend the stimulus intensity range. This 
prevents accurate longitudinal progression analysis since 
there is no reliable mathematical conversion calculation to 
track sensitivity with different density filters.48,66 The lack of 
compatibility interpreting the output from both machines 
limits the application of scotopic microperimetry across 
multi-centre patient registries, who may have different 
devices.

Scotopic fixation stability

Fixation target size and type, and level of VA are critical 
factors affecting fixation stability. Fixation is often impaired 
when foveal-mediated vision such as VA is affected, which 
typically occurs in AMD.9 Since vision in low light is also 
particularly difficult for these patients, reduced fixation ability 
in scotopic tests (including perimetry and dark adaptometry) 
was previously a significant limiting factor. The fixation target 
brightness on the S-MAIA can be increased to improve visibi-
lity and subsequently fixation stability. The fixation tracking 
properties of microperimetry minimise fixational errors, 
enabling the unique ability to reliability map the scotopic 
fovea and scotopic scotoma.27

Steinberg et al. reported similar fixation for both the Nidek 
MP-1S and the S-MAIA when similar fixation targets were 
used, although in their study all participants had good VA, 
6/7.5 (0.1 LogMAR) or better.48 Supplementary figures S1 and 
S2 detail examples of the fixation tracking maps and results 
provided by each microperimeter.

Although the eye-tracking capabilities minimise testing 
errors associated with poor fixation stability, they are limited 
by the eye-tracking system frequency. Both the Nidek MP-1S 
and S-MAIA have a 25 Hz eye tracking frequency camera.38,67 

This is likely insufficient relative to the speed of a saccade, 
which is up to 700 degrees per second depending on ampli-
tude, velocity and other visual conditions.68 The new MP-3 
has an improved tracking speed of 30 Hz but would still likely 
be insufficient to capture a rapid eye movement fixational 
errors.9

The optimum eye-tracking camera frequency to accurately 
monitor fixation stability is unknown. A patient with normal 
visual function and good fixation stability may require very 
little grid positional adjustment from the retinal tracking 
feature. In contrast, a patient with nystagmus or poor central 
fixation would likely require far higher tracking capability. 
Furthermore, there are limited data available concerning the 
visual tracking performance and the impact of micro- 
saccades on microperimetry stimulus placement.

Cideciyan and co-workers concluded that most stimulus 
placement errors are < 0.25° even in patients with unstable 
fixation.69 However, this study was on a small sample size 
(n = 4) and in a significant minority of stimulus measure-
ments, eye movements of up to 100 degrees/sec were 
recorded, leading to potential stimulus placement errors of 
up to 4 degrees. Further research to investigate the range of 

eye movements during microperimetry and scotopic micro-
perimetry in both normal and those with visual impairment is 
warranted to deduce the precise effects on the variability of 
results.

Discussion

Scotopic microperimetry with both the Nidek MP-1S and 
S-MAIA devices appears to be a promising technique to 
detect early disease changes. Early results have demonstrated 
the utility of using scotopic microperimetry to understand 
visual capabilities under low light levels. Further research is 
needed to investigate scotopic microperimetry changes over 
time in different retinal diseases. Scotopic perimetric testing 
at absolute threshold is attractive as it may elucidate func-
tional defects not apparent once receptor mechanisms 
adapt.70 This may provide insights into poorly understood 
or unknown disease mechanisms.

Current microperimetry systems are relatively unaffected 
by pupil size variation but would benefit from improved 
standardised testing across systems to enable comparable 
results, greater application of patient-tailored perimetry 
grids, as well as improved threshold analysis techniques. 
Scotopic microperimetry has a promising future and is likely 
to become an invaluable early disease marker and outcome 
measure in retinal disease clinical trials.
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