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Geographic atrophy (GA) is a progressive, advanced form of age-related macular degeneration
leading to visual function impairment and irreversible vision loss. Standard clinical tests to
evaluate visual function in patients with GA provide poor anatomic-functional correlation, while
fundus imaging does not assess the visual function deficit. Microperimetry is a psychophysical
visual function test that spatially maps retinal sensitivity and allows for correlation of anatomic
features with visual function. In this review, we present an overview of mesopic microperimetry
for GA, including: commercially available microperimetry devices, strategies to capture a mesopic
microperimetry test, and strategies to assess and interpret microperimetry data in patients with
GA. We demonstrate the importance of microperimetry data for assessing GA progression and for
evaluating visual function loss through anatomic-functional correlations. Although valuable,
current microperimetry tests require an extensive time commitment from patient and examiner,
and the development of faster, more reproducible, and accessible methods is important to enable
broader use of microperimetry in both clinical and research settings.

Keywords

microperimetry; geographic atrophy; age-related macular degeneration; anatomic-functional
correlation; retinal sensitivity; visual function

Introduction

Geographic atrophy (GA) is a progressive and irreversible advanced form of age-related
macular degeneration (AMD) that affects approximately 5 million people worldwide.*3:60
The clinical diagnosis of GA is not common until over age 70 years, when the prevalence of
GA increases exponentially with age.#3:60 Patients with GA develop significant visual
function impairment and irreversible vision loss. Standard visual acuity tests such as best-
corrected visual acuity (BCVA) do not fully capture the functional impact of GA because
lesions typically spare the foveal center until late in disease progression, causing vision
measured on standard vision charts erroneously to seem unaffected.®’

There are currently no approved treatments to reduce the progression of GA.2! To evaluate
the efficacy of potential therapeutics in clinical trials, reliable methods are critical for
monitoring both the structural and functional changes associated with GA progression.
Fundus autofluorescence (FAF)32 and optical coherence tomography (OCT)#>71 provide
invaluable new imaging data for defining and monitoring GA progression because the GA
lesion can be identified and reproducibly measured even before the patient becomes aware
of visual symptoms. Although relatively fast and easy to perform, FAF and OCT imaging do
not assess the visual function deficit in GA. Meanwhile, standard methods for assessing
visual function, such as visual acuity, generally provide poor anatomic-functional
correlation.1® The decline in visual function due to GA can occur months to years before the
patient perceives visual problems,®® and localized decreases in retinal sensitivity have been
reported in intermediate AMD and in precursor lesions of GA.2> Therefore, there is a need
for improved methods to simultaneously evaluate anatomic GA lesion progression and
capture visual function changes over the course of AMD progression.
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Microperimetry, or fundus-controlled perimetry, is a visual function test used to map point-
wise retinal sensitivity and is particularly useful in dystrophic or degenerative conditions of
the retina. Microperimetry has been shown to be useful in correlating retinal function with
GA lesion features.>6:15.59 Herein, we discuss mesopic microperimetry for the assessment
of visual function loss in GA, including strategies to capture microperimetry tests and data
analysis associated with these tests. In addition, we highlight important scientific questions
related to visual function loss and disease progression that may be answered by further
research using microperimetry on patients with GA.

2. Assessing geographic atrophy using imaging techniques

Although imaging GA provides key information about phenotypical characterization and
disease progression, this may not be directly correlated with visual function measured by
standard clinical tests. Common imaging modalities include FAF, OCT, color fundus
photography (CFP), and near infrared (NIR) imaging.204® GA s characterized by sharply
demarcated atrophic lesions of the outer retina, caused by loss of photoreceptors, retinal
pigment epithelium (RPE), and choriocapillaris,*2146 which result in absolute scotomas in
the corresponding lesion area.31:39 Imaging can also detect areas potentially predisposed to
the future development of GA, termed nascent GA (also defined in more recent classification
schemes as incomplete RPE and outer retinal atrophy, or iRORA).#> Nascent GA is
characterized on OCT by the subsidence of the outer plexiform layer and inner nuclear layer
and a hyporeflective wedge-shaped band, which result in relative scotomas in the
corresponding lesion area.”® Over time, nascent GA can progress to GA. In previous studies
reported in the literature, GA lesions were found to enlarge at rates between 0.53 and 2.6
mm?2/year, depending on specific characteristics of each study cohort such as baseline GA
lesion size in the affected eye and fellow eye.3:12:56

3. Assessing geographic atrophy through visual function

Monitoring the progressive decline of visual function is relevant because it provides insights
into the impact of GA on patients’ lives. Metrics of visual function, including BCVA, low-
luminance visual acuity (LLVA), reading speed, and patient-reported outcomes (PROSs),
provide valuable information about how GA affects patients on a daily basis.** Often,
however, BCVA does not correlate with visual dysfunction in patients with GA.57 Patients
with foveal-sparing lesions and associated paracentral scotomas can experience apparent
preservation of central vision based on a high-contrast single-letters test such as BCVA, even
while parafoveal lesions enlarge over time.2348 However, these patients may experience
other visual function deficits during activities of everyday living, such as a blurred or
distorted visual field or changes in reading speed.>’

Microperimetry is a psychophysical visual function test used to spatially map retinal
sensitivity, or the level of response of the retina to light stimuli (assuming that the posterior
visual pathway is normal and subjects can perform the test).>! During a microperimetry test,
light stimuli of various intensities is altered to determine the lowest level at which the
participant can detect the light. Stimulus intensity is measured in decibels (dB), where a
higher score indicates detection of a dimmer stimulus and thus higher retinal sensitivity; a
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score of 0 dB signifies an absolute scotoma (assuming there is no floor effect), reflecting a
failure to detect the brightest stimulus available on the instrument. In contrast to traditional
perimetry, microperimetry uses eye-tracking technology to lock onto specific fundus
features.24 The stimulus display is adjusted many times per second (depending on eye-
tracker frequency) to compensate for eye movements and to localize stimuli to specific
retinal locations during an exam. This allows for follow-up examination of the same
locations, which is essential for longitudinal analyses of change in sensitivity for correlation
with structural changes.

The anatomic-functional correlation generated from associating functional data with retinal
morphology (Fig. 1) makes microperimetry a scientifically valuable method for assessing
changes in visual function due to intermediate AMD progression to GA or GA lesion
progression.1® The decrease in visual function associated with GA progression is indicated
by lower mean macular sensitivity and larger area of absolute scotoma.2”:3% Besides its role
as a clinical endpoint, microperimetry may potentially serve as a prognostic biomarker, as
suggested by studies using flicker perimetry.2> The role of this visual function assessment as
a predictor of GA progression is currently being investigated in ongoing clinical trials, such
as the Development of Novel Clinical Endpoints in Intermediate AMD (MACUSTAR;
NCT03349801) and the AMD Ryan Initiative Study (ARIS; NCT03092492).

Mesopic microperimetry assesses visual function under medium-light conditions in which
both rod and cone receptors are functional.8:27:38 Mesopic microperimetry tests are typically
administered in a dimly lit room without prior light/dark adaptationl® or using mydriatics.
82738 Aternatively, scotopic microperimetry is performed under dark-adapted conditions
and predominantly measures the function of rod photoreceptor cells in healthy eyes.11:39 In
diseased eyes in which rods are affected, dark-adapted sensitivity may also be mediated by
cone photoreceptor cells. Recent research suggests that scotopic microperimetry may also
provide valuable insights into GA pathology,33:35:53 put this type of microperimetry is not
yet commonly employed outside the research setting and thus not discussed in this review.
Herein, we highlight specifically mesopic microperimetry for the assessment of visual
function loss in GA.

4. Strategies to capture a mesopic microperimetry test

There are several commercially available microperimetry devices, all with defining features
that potentially drive one to be the instrument of choice over others. The key differences are
range of stimulus intensity (0-20 dB to 0-50 dB), eye-tracker frequency (8-30 Hz),28
background illumination (1.27 cd/m2-10 cd/m?2), and imaging features (CFP, scanning laser
ophthalmoscope [SLO], OCT) [Table].1>:26 Different features may be better suited to
answering different questions; for example, imaging frequency, which is not necessarily the
rate-defining step for technical stimulus placement or adjustment, may not be as important
for consideration as dynamic range of the stimulus intensity.

As with any psychophysical exam, the quality of microperimetry results depends on patient
performance. Because exam duration varies with acquisition parameters, limiting the length
of the test can help avoid fatigue in an elderly population. Other important performance
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considerations include scheduling the test during a time when patients are more alert,
alleviating patient discomfort with a comfortable chair and optimal positioning, and
providing proper training for both patients and technicians administering the test.

The components of a microperimetry test may include the fixation test, the training test, and
the perimetry test itself.

Fixation test

The fixation test quantifies fixation stability.2 All subjects have microsaccades under
physiological conditions to prevent images from fading. Generally, these eye movements are
small, but can become more pronounced with GA. During the fixation test, the
microperimeter obtains real-time fundus images, generating multiple sets of x and y
coordinates while the subject is fixating on a small target. These x and y coordinates are then
used to calculate the degree of eccentric fixation and the stability of fixation with respect to
anatomic landmarks.26

Patients with foveal GA typically experience difficulty with fixation. In some instances,
patients can compensate by developing an eccentric site for fixation, a preferred retinal locus
(PRL), outside the scotoma.® The fixation test determines the PRL prior to the retinal
sensitivity test, and can indicate if the PRL has changed or enlarged over time. When
fixation is eccentric, one option is to decouple the test pattern from fixation and center on
the fovea instead of at fixation. Foveal scotomas can produce unstable fixation during
microperimetry and, with excessive fixation instability, the test may be unreliable depending
on the device and exam protocol. Recent advances in microperimetry devices, however, may
be able to overcome such potential limitations. For example, units such as the Nidek and
CenterVue devices incorporate sensitive eye-tracking hardware that appears to compensate
for fixation instability.%:35

4.2. Training test

4.3.

The training test provides directions for the actual perimetry test along with an opportunity
for patients to practice. This test is typically shorter than the study acquisition protocol and
is performed before each new testing session to familiarize patients with the procedure.
After the training test, the first microperimetry test is often discarded and the second test
used as the patient’s “official” baseline microperimetry values.53 Patients may demonstrate
better results during their second baseline microperimetry exam due to the learning effect:
they are more comfortable with and knowledgeable about the testing requirements.

Microperimetry test

The test itself consists of stimuli presented at increasing intensities in a staircase pattern in
order to calculate retinal sensitivity. The dynamic range of the stimulus varies; current
commercially available devices provide stimulus intensity from 0 to 20 dB or 0 to 50 dB
depending on the microperimeter. A limited dynamic range can lead to floor and ceiling
effects observed when interpreting the results of the test; for example, if the lowest
luminance stimulus gives a score of 20 dB, a ceiling effect occurs because the
microperimeter is unable to produce any further reduction in stimulus intensity.8 In this
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instance, it is not possible to ascertain whether the retina could have been more sensitive.
One approach to eliminate points that may reflect a floor or ceiling effect is to determine a
priori the dynamic range of values that will be included in the analysis. Points including
values 1 to 3 dB above the minimum or 1 to 3 dB below the maximum should be removed
during analysis.

It is very important that the patient is not exposed to bright light (i.e., fundus imaging or
clinical examinations) just prior to testing. Intense light will produce bleaching in the retina
and could alter the perimetry test results. Different exam parameters, such as the stimulus
size, duration, and pattern, are used to acquire data. Programmable parameters include:
stimuli number, position, shape, color, and duration; background color; and fixation target
size, shape, position, and color.26

Stimulus sizes are equivalent to the Goldmann stimuli for perimetry, with the area defined
for round stimuli presented at a viewing distance of 300 mm: Goldmann I, 0.25 mm?;
Goldmann 11, 1.0 mm?; Goldmann 111, 4.0 mm?2; Goldmann IV, 16.0 mm?2; Goldmann V,
64.0 mm2. The actual area of the retina that is stimulated by each of these beams will vary
depending on several parameters, including the ocular axial length and angulation of the
stimulus. Spot size 3 (0.43°; 125-um diameter on the retina, assuming standard parameters)
is equivalent to the Goldmann |11 test object and has been used in multiple studies;
16,24,26,27,38 however, for instances when precise sensitivity measurements are required, spot
size 3 may stimulate too large of an area of the retina.1® Spot size 2 (0.22°; 62.5-um
diameter on the retina, assuming standard parameters) may be used in these circumstances.30
The most common stimulus duration is 200 ms.16:24.27.38 The interval between stimuli is
typically 1500 ms.24 A popular threshold strateqy is the 4-2 staircase16:24.26.27.38 hacause it
allows for sensitivity determinations at numerous locations within a reasonable-length test
session.10 In the 4-2 strategy, an initial stimulus is presented; if the patient can detect it, the
stimulus is made dimmer in 4 dB steps until the patient cannot detect the stimulus (because
it is below the detection threshold). Then the stimulus is made brighter in 2 dB steps until
the patient is able to detect the stimulus. Local sensitivity is taken as the value between the
dimmest stimulus detected and the brightest stimulus not detected. For more precision in
determining sensitivity, many manufacturers also provide a 4-2-1 staircase strategy to
provide an additional reversal. The background illumination can be turned off (typically
used for scotopic testing), 1.27 cd/m? (mesopic testing),2’+38 or 10 cd/m? (photopic testing).
16 The higher background illumination is more desirable because it effectively saturates rod
photoreceptors and produces cone-mediated sensitivity values.3#2 The grid patternis
composed of testing points located at certain degrees from fixation, such as 10°, 16°, or 20°.
16.27.38 The retinal sensitivity at these points is then compared with the sensitivity of normal
eyes.18 Customized grids can also be used,38 for example, the Polar 3 Pattern for the Optos
OCT/SLO.24 A grid pattern can have as many as 68 loci in a circular pattern covering the
central macula.2” Use of different exam parameters can lead to differences in data
acquisition, data analysis, and overall results.

The most common challenge associated with a microperimetry test is ensuring that the
patient performs the test accurately. Patients experiencing ocular, cognitive, or physical
problems may not able to complete the microperimetry test at all. For example, ocular
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conditions such as media opacities may confound the microperimetry report.4? Patients with
cognitive problems (e.g., poor concentration) may not be able to focus for the duration of the
test. In addition, many patients undergoing microperimetry tests are elderly and suffer from
physical problems including fatigue and sore backs or necks. These patients may not be able
to sit still long enough to complete the test.

5. Strategies to assess and interpret microperimetry data

5.1.

Main test outputs

The main outputs from the microperimetry test are the local defect map, the interpolation
map, and fixation stability (Fig. 2). Although only the Nidek MP-1 and Nidek MP-3 (Nidek
Technologies, Padova, Italy) provide a local defect map, the Nidek and Macular Integrity
Assessment (MAIA; CenterVue, Padova, Italy) devices provide an interpolation map, and all
commercially available microperimeters including the Optos OCT/SLO (Optos,
Dunfermline, Scotland, UK) assess fixation stability.

5.1.1. Local defect map—The local defect map shows retinal sensitivity along with the
infrared (IR) scanning laser image of the retina. It is used to quantify changes in retinal
sensitivity over time and does not show overall retinal sensitivity, but rather changes in
sensitivity compared with a normative database.

5.1.2. Interpolation map—The interpolation map is a color-coded map of the retina
showing the point-wise sensitivity in each region. It is used to visualize areas of poor retinal
sensitivity at a glance. It is typically an en face image of the fundus with sensitivity values
superimposed on the image.1® The sensitivity readout can also be superimposed onto OCT
images to allow for accurate anatomic-functional correlation.38 The sensitivity at each test
location appears as a color ranging from red (0 dB) to green (20 dB). It is possible to
calculate mean retinal sensitivity and rate of scotoma enlargement from this superimposed
map.38 The sensitivity map can also be used to compare the difference in sensitivity between
2 visits.24

5.1.3. Fixation stability—In contrast to the exam outputs indicating retinal sensitivity,
the microperimetry grid contains points of fixation, or specific points at different degrees
from fixation.16 One way of assessing fixation stability is to measure the fixation of the eye
compared with anatomic landmarks. A tight pattern on the fixation scatter plot indicates
good fixation, which correlates with good visual function. The semi-quantitative Fujii
classification for fixation quality is the ratio of tracked fundus positions located within a
certain radius from the fixation point (typically within 2° and 4° radii).}4 Fixation is
commonly classified in the literature as “stable” when 75% of fixations are within the 2°
radius, “relatively unstable” when 75% of fixations are between the 2° and 4° radii, and
“unstable” when <75% are within the 4° radius.25 As GA progresses, patients experience a
decrease in fixation quality over time for both radii.2” Some microperimetry devices such as
the Nidek MP-1 can show fixation stability over time.

Besides the semi-quantitative Fujii classification, fixation stability may also be quantified by
the bivariate contour ellipse area (BCEA).>* BCEA is defined as a 2-dimensional ellipse on
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the retina where the fixation target is located at least 68%, 95%, or 99% of the time (BCEA
68, BCEA 95, or BCEA 99).40 BCEA is automatically calculated by the microperimeter and
reported in square degrees. Another important fixation endpoint is the ability to accurately
determine the fixation location. The distance from the PRL to the fovea can be calculated
using the coordinates of the PRL centroid.26:50

Microperimetry study endpoints

The microperimetry test contains data for several potential study endpoints,®® some of which
have been developed as global indices for following patients with glaucoma.36 These
include: mean deviation and pattern standard deviation (PSD), which are weighted to
account for local variation in sensitivity in normal eyes; mean defect and loss variance (LV),
which are non-weighted; and the cumulative defect curve for visualizing global and local
losses.

Additional summary endpoints have been developed primarily for patients with GA. These
include number of scotomatous points, mean retinal sensitivity, perilesional sensitivity,
point-wise or regional sensitivity, and fixation stability. These data are used to characterize
functional impairment and assess disease severity. Herein, we describe the data obtained
from the main endpoints in a microperimetry test.

5.2.1. Number of scotomatous points—The number of testing points that will be
evaluated for response to a stimulus is selected at the beginning of the test. A scotoma is an
area of reduced sensitivity in the visual field (Fig. 1).31 Absolute scotomatous points, also
termed nonresponding points or “dense” scotomas, are testing points that do not provide a
patient response even at a stimulus of maximum intensity (score of 0 dB).27:38 One study
reported an average increase of +4.4 scotomatous points per year in eyes with GA,
calculated from longitudinal data collected at 68 test points evenly distributed from the
central 20° of the macula.2” These results indicate expansion of an absolute scotoma and
correlation with enlargement of GA lesion area over time.

5.2.2. Mean retinal sensitivity (total retinal area)—Mean retinal sensitivity is the
average of all point-wise sensitivities included in the test grid, which provides a
measurement of overall retinal function within the tested area. Eyes with GA and
intermediate AMD possess a macula-wide functional deficit, indicated by decreased mean
retinal sensitivity.17:58.61.62.6566 This functional decline may precede the development of
GA.25.65

Several studies have used mesopic microperimetry to evaluate mean retinal sensitivity in the
presence of reticular pseudodrusen (RPD). In eyes with foveal-sparing GA, the presence of
pseudodrusen was highly predictive of mean retinal sensitivity (= 0.004) and resulted in
decreased retinal sensitivity across the entire macula.3? Similarly, the mean retinal
sensitivity of eyes with RPD but without any macular abnormalities was lower than in
normal eyes. The pattern of decreased sensitivity matched the distribution of RPD.2?
Another study found a statistically significant difference in mean retinal sensitivity between
eyes with RPD (and no GA) and eyes with early AMD (and no pseudodrusen): 5.9 £ 1.7 dB
and 8.8 + 2.4 dB, respectively (P< 0.001).41 However, in eyes with intermediate AMD, the
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presence of RPD was only marginally associated with mean retinal sensitivity as detected by
microperimetry (P = 0.068).67

5.2.3. Perilesional sensitivity—Perilesional points are defined as loci immediately
bordering a GA lesion, whereas extralesional points are separated from the GA border and
corresponding absolute scotoma by more than 1 point.2” Eyes with GA may experience a
decrease in sensitivity of perilesional points, reported in 1 cohort at a mean rate of —=1.20 dB/
year.2” When tracking the decrease in sensitivity over time for each point, perilesional points
show lower sensitivity compared with extralesional points. Over a follow-up period of 2
years, microperimetry data showed that a decrease in perilesional sensitivity is related to
enlargement of the GA lesion.2’

In a study of eyes with GA, the retinal sensitivity near the border of the atrophic lesion, or
junctional zone, was compared with the retinal sensitivity of eyes with early or intermediate
AMD.16 The sensitivity was calculated at points located 10° from the foveal center and
compared between the junctional zone of GA (defined as a ring 500 um in width
surrounding the lesion) and junctional subzones (defined as points on the margin of atrophy,
points in the center of the junctional zone, or points on the outer border of the junctional
zone). A drop in sensitivity was found at the GA junctional zone. This severe change in
sensitivity — as opposed to the gradual lessening of sensitivity — was detected using the
greater stimulus sensitivity of the Nidek MP-3 (0-34 dB stimulus). However, all macular
regions outside of a lesion showed decreased sensitivity compared with eyes with mild or
intermediate AMD, confirming that eyes with GA have a macula-wide functional deficit.16

Several studies of eyes with GA have found reduced retinal sensitivity at the border of GA
lesions compared with adjacent points in the retina.17:37:4258 |n particular, retinal sensitivity
was decreased in regions with photoreceptor damage (3.28 + 2.70 dB) compared with
undamaged regions (10.52 + 4.12 dB).%8 In eyes with foveal-sparing GA, the perilesional
sensitivity of the foveal region was found to be higher than the perifoveal area of atrophy.13

In order to properly analyze junctional zone defects, the location and size of the GA lesion
must be taken into account. At the border of a deep scotoma in one study, test-retest
repeatability was found to be worse compared with other regions of the normal retina.%?
Using the border of the optic nerve head as a model for the border of a deep scotoma, these
findings suggest that measurements may be less reliable at the edge of a scotoma in GA. In
addition, a larger GA region would have more junctional zone data points assessed and may
lead to incorrect conclusions regarding the sensitivity of the junctional zone test spots
relative to spots outside the junctional zone. Therefore, it remains to be confirmed whether
decreased retinal sensitivity in the junctional zone of GA, as compared with better retinal
sensitivity in areas away from the GA border, occurs due to underlying AMD.

5.2.4. Point-wise sensitivity—Microperimetry provides a unique opportunity for
anatomic-functional correlation because of its ability to measure point-wise sensitivity, or
retinal sensitivity at precise, individual retinal locations.2* One study found that point-wise
sensitivity in eyes with GA correlates with changes in retinal layer thickness identified by
SD-OCT.#” These changes in retinal function may precede anatomical changes.2>
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Longitudinal functional changes also were detected in eyes with foveal-sparing GA: point-
wise sensitivity decreased over 12 months, from 18.25 dB to 15.58 dB.5°

Other studies have characterized the retinal point-wise sensitivity in nascent GA. In eyes
with intermediate AMD and nascent GA, retinal sensitivity was found to be lower in regions
of nascent GA (20.4 £ 0.8 dB) compared with non-atrophic regions (23.8-27.6 dB). If
present, regions of drusen-associated atrophy detected on SD-OCT were consistently found
to have lower sensitivity than other regions. However, unlike GA, these regions were not
associated with an absolute scotoma.5

5.3. Strategies to assess the quality of microperimetry data

Different strategies to analyze microperimetry results provide different information about the
status of retinal function in physiological and pathological conditions. Assessing the quality
of microperimetry data is crucial to properly interpret the results of the exam in normal or
pathological conditions. Typical measures for evaluating the data for reliability include test-
retest variability, the coefficient of repeatability, and the reliability test.

5.3.1. Coefficient of repeatability/test-retest variability—The coefficient of
repeatability (CoR) denotes the range of sensitivity values within which test-retest
differences lie with 95% probability. CoR is a measure of intra-patient, intra-session, or
inter-session reproducibility, depending on the study. Calculations may be performed for
sensitivity measures in different regions of the retina to ensure that the same measures are
repeatable for each patient. More reproducible results are indicated by smaller values, but
CoR values may differ across microperimetry devices, study populations, and tested regions
of the retina. Using the Optos OCT/SLO, the CoR of the inter-session test-retest
repeatability for eyes with maculopathy (diagnosis of GA, macular edema, or other
maculopathy) was found to be 2.15 dB for mean retinal sensitivity and 4.64 dB for point-
wise sensitivity in 1 study.24 Using the MAIA, the CoR of the intra-session repeatability for
eyes with AMD ranged from 1.08 to 2.32 dB for mean retinal sensitivity, and ranged from
4.12 to 4.37 dB for point-wise sensitivity.53 Using the Nidek MP-1, the CoR for intra-
session repeatability for eyes with macular disease was 1.81 dB for mean retinal sensitivity.8

The test-retest variability using a single experienced examiner on the Nidek MP-1 was
investigated in eyes with macular disease.® In this study, test-retest variability was lowest for
mean retinal sensitivity (1.81 dB) and highest for point-wise sensitivity (4.96 dB). However,
floor and ceiling effects may have caused underestimation of variability for point-wise
sensitivity, as the variability increased to 5.56 dB when test loci affected by floor or ceiling
effects were removed. In eyes with AMD, test-retest variability on the MAIA was reported
to be significantly different between the first and second exams, but not in subsequent
exams.53 Therefore, it is recommended that the results from the first exam be discarded to
minimize influence from this learning effect in the interpretation of results.

In addition to inconsistent patient responses, other parameters of the device may lead to
increased variability. For example, if retinal tracking is not precise, then point-wise
projection of the same stimuli on the retina may be different and may result in subsequent
changes in retinal sensitivity.
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5.3.2. Reliability test—A common reliability test used to evaluate potential false-
positive results throughout the exam is the Heijl-Krakau method, also termed false-positive
catch trials.18 Suprathreshold stimuli are projected over a physiological blind spot, such as
the optic disc, which should have a score of 0 dB. Stimuli can be presented up to 16 times
over the course of the exam.8 The Heijl-Krakau method is typically considered acceptable if
the false-positive response rate is less than 20%2° or 25%.57 False-negative catch trials are
currently not available for microperimetry devices.

6. Microperimetry data informing geographic atrophy

6.1. Anatomic-functional correlation

6.2.

The anatomic-functional correlation provided by microperimetry is valuable for assessing
GA. As discussed earlier, standard visual tests such as BCVA are not an ideal measure of
visual function for patients with GA, especially those with foveal sparing. Although other
tests such as LLVA, reading speed, or PRO assessments provide a more comprehensive
overview of retinal function in patients with GA,4 they do not allow for a correlation
between anatomy and functional outcomes. Microperimetry data provide a detailed
assessment of localized anatomical and functional deficits in patients with GA.2

In eyes with GA, the number of scotomatous points increases over time, which is associated
with an increase in GA lesion size.2” The correlation of structural images such as en face
OCT with functional readings from microperimetry provides greater insight into the impact
of GA on visual function, for example, by superimposing a microperimetry map over en face
OCT images to calculate mean retinal sensitivity by region.38 The integrity of the inner
segment—outer segment junctional layer appears to be inversely correlated with mean retinal
sensitivity.2242 Changes in retinal sensitivity also correlate with neurosensory retinal
thickness,3” and occur with changes in the photoreceptor layer rather than the RPE layer.4

Measures of point-wise sensitivity can assist with accurately mapping where these changes
are occurring, such as with nascent GA or its correlation with the border of GA, because
mean retinal sensitivity does not include spatial information.24 However, point-wise
sensitivity has more variability than mean retinal sensitivity, so the latter is often used to
follow GA progression due to its better CoR.8

Progression of geographic atrophy

Microperimetry has become an important tool for the assessment of GA progression (Fig. 3).
It has been used in both observational clinical studies and interventional clinical trials.
Microperimetry data were collected as a secondary endpoint in a subset of patients in the
lampalizumab clinical program, including the Proxima A (NCT02479386) and Proxima B
(NCT02399072) natural history studies of patients with GA, as well as the phase 3 Chroma
(NCT02247479) and Spectri (NCT02247531) interventional studies assessing the efficacy
and safety of lampalizumab for reducing the rate of GA enlargement.19 In these clinical
trials, predefined study endpoints assessing longitudinal GA progression were the number of
absolute scotomatous points and the mean retinal sensitivity.
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Eyes with GA may experience an average increase of absolute scotomatous points per year,
which correlates with increased size of the GA lesion over time.2” Microperimetry can also
detect a severe drop in sensitivity over time at the junctional zone. Eyes with GA were found
to have decreased sensitivity in all retinal regions outside GA lesions, compared with eyes
with mild/intermediate AMD, suggesting that these patients with GA have a more global
functional deficit.16 Another study found that there is a faster decline in sensitivity for
perilesional points as compared with extralesional points, which correlates with loss of
sensitivity in the junctional zone of atrophy.2” Fixation stability also decreases over time.

In a different study, microperimetry data from patients with GA were divided by topography
or function and analyzed retrospectively.” Topographical divisions were the central macula
or paracentral macula; functional divisions were the region of dense scotoma, the edge of a
dense scotoma, or remaining retina. There were no changes between the topographical
regions. However, a significant decrease in retinal sensitivity was found for functional
regions at the edge of a dense scotoma. These changes in regional sensitivity could be
detected within 1 year of follow-up.

7. Conclusions

Different strategies to analyze microperimetry results provide different information about
retinal pathology. Microperimetry assesses visual function at specific points of the retina,
providing a unique opportunity for anatomic-functional correlation that has been
demonstrated in several macular diseases.2427:37:38.47 Despite the compelling scientific
value of using microperimetry to evaluate GA, there is a paucity of GA-specific studies in
the literature. The majority of microperimetry literature discusses patients with various
macular diseases or AMD in different stages or reports on small sample sizes. More GA-
specific data are needed to standardize microperimetry protocols for the disease and support
robust interpretation.

Given the extensive time commitment for current microperimetry tests, the development of
faster, more accessible methods is important for the future of perimetry as a ubiquitous
clinical test. Using devices with more precise retinal tracking may also be helpful in
decreasing unreliable testing. More rapid devices are being investigated as user-friendly
alternatives to traditional microperimetry testing. For example, measures of mean central
retinal sensitivity obtained using the tablet-based PsyPad examination were not significantly
different from those obtained using the MAIA microperimeter. The PsyPad was able to
generate a dynamic range of 31 dB, despite the fact that the test was administered on a
tablet.58 Development of a test delivered on a portable, generally available device increases
the possibility that patients may be able to self-monitor at home.

At the current time, anatomic assessment of GA via multimodal fundus imaging is
commonly used to diagnose and monitor the disease; however, microperimetry offers an
attractive addition to imaging methods for detecting conversion from intermediate AMD to
GA and for quantifying GA progression through the detection and quantification of local
functional deficits in the retina. By correlating these functional deficits with changes in
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retinal morphology, microperimetry has become a scientifically valuable method for

assessing visual function loss in GA secondary to AMD.

Acknowledgements

Page 13

Funding was provided by F. Hoffmann-La Roche Ltd. for third-party writing assistance, which was provided by
Charlotte A. Oshorne, PhD, of Envision Pharma Group.

Funding

This work was supported by F. Hoffmann-La Roche Ltd.

Abbreviations:
AMD

BCEA
BCVA
CFP
CoR
dB

FAF
GA
iRORA
LLVA
LV
MAIA
NIR
OCT
PRL
PRO
PSD
RPD
RPE
SD-OCT

SLO

age-related macular degeneration
bivariate contour ellipse area
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Method of Literature Search

Studies reporting on mesopic microperimetry and its use to evaluate GA were identified
via a PubMed literature search using the terms “microperimetry,” “geographic atrophy,
“macular degeneration,” “retinal sensitivity,” “perilesional sensitivity,” and “fixation
patterns,” and sorted for relevance. The search covered through March 2018. Additional
articles were identified from the references within the publications identified by the
primary search.

Studies reporting microperimetry data from eyes with GA, nascent GA, or advanced
AMD were included; studies only reporting data from eyes with early or intermediate
AMD were excluded. Conference abstracts and case reports were excluded. Studies
where the whole article was not written in English were also excluded.
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Fig. 1. Multimodal imaging and microperimetry in geographic atrophy.

Multimodal imaging of a patient with geographic atrophy: color fundus photograph (top left,
with microperimetry grid overlaid and red cross indicating fixation target); near infrared
image (top right, with microperimetry grid overlaid and red cross indicating fixation target);
fundus autofluorescence image (bottom left); cross-sectional optical coherence tomography
image (bottom right).

Microperimetry color guide: red = absolute scotoma (0 dB); orange/yellow = relative
scotomatous point (intermediate retinal sensitivity); green = normal retinal sensitivity (20
dB).
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TestParameters Legend
Pattern Custom-7* © ot seen at given level
Duration 200ms
- Goldmana it Atienuation scale (¢8)
Step size 42 8128 4 0 4 8121620

|| Avgchange 158

Scorechange  -140/1800 (-1608)

@ Seen at given level
W Notprojected

TestParameters
Date Dec 16,2010
Testtime 155
False pos. 2%
False neg. 3%

Fig. 2. Test outputs and how to read a microperimetry report.
Sample microperimetry reports from Nidek MP-1 (top left), MAIA (top right), and Optos

OCT/SLO (bottom). Test outputs: 1) local defect map; 2) interpolation map; 3) fixation
points; 3a) assessing fixation stability. The Optos microperimetry output shows progression
data over time between 2 visits. MAIA, Macular Integrity Assessment; OCT, optical
coherence tomography; SLO, scanning laser ophthalmoscope.
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Fig. 3. Microperimetry assessments of geographic atrophy progression over 1 year.
Fundus autofluorescence images (top) and color fundus photography images (bottom, with

microperimetry grid overlaid) from the same patient showing geographic atrophy
progression at baseline (left), 6 months (middle), and 12 months (right).
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