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Purpose: Microperimetry is commonly used to assess retinal function. We perform
cross-sectional and longitudinal analysis on microperimetry parameters in USH2A
retinopathy and explore end points suitable for future clinical trials.

Methods: Microperimetry was performed using two grids, Grid 1 (18° diameter) and
Grid 2 (6° diameter). In Grid 1, four parameters (number of nonscotomatous loci, mean
sensitivity [MS], responding point sensitivity [RPS], and edge of scotoma sensitivity
[ESS]) were analyzed. In Grid 2, number of nonscotomatous loci andMSwere examined.
Interocular symmetry was also examined. Longitudinal analysis was conducted in a
subset of eyes.

Results: Microperimetry could be performed in 16 of 21 patients. In Grid 1 (n = 15;
average age, 35.6 years), average number of nonscotomatous loci, MS, RPS, and ESS
were 46.6 loci, 10.0 dB, 14.7 and 9.6 dB, respectively. In Grid 2 (n = 13; average age,
37.4 years), 12 eyes had measurable sensitivity across the entire grid. Average MS was
23.8 dB. Interocular analysis revealed large 95% confidence intervals for all parameters.
Longitudinally, Grid 1 (n = 12, average follow-up 2.6 years) ESS showed the fastest rate
of decline (–1.84 dB/y) compared with MS (–0.34 dB/y) and RPS (–0.90 dB/y).

Conclusions: Our data suggest that ESS may be more useful than MS and RPS in test
grids that cover a large extent of the macula. We caution the use of contralateral eye as
an internal control.

Translational Relevance: ESS may decrease the duration or sample size of treatment
trials in USH2A retinopathy.

Introduction

The Usherin protein is critical in the maintenance
and development of neurosensory cells in the retina
and inner ear, respectively.1,2 Mutation in the encod-
ing gene, USH2A (chromosome 1q41),3 can result in
isolated retinitis pigmentosa (RP; nonsyndromic) or
with associated hearing loss (syndromic).4 USH2A
mutation has been estimated to account for approx-

imately 11% of RP cases5,6 and 8% of patients with
inherited retinal degeneration.7,8 Given the relatively
high prevalence of USH2A mutations in inherited
retinal degeneration, the characterization of retinal
function inUSH2A retinopathy is paramount in under-
standing the disease phenotype and for validating
functional end points in future clinical trials.

Microperimetry is commonly used in the clinic
to measure retinal sensitivity to light stimulus in
the central retina. Unlike the traditional static and
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kinetic perimetric devices, the microperimeter compen-
sates for eye movement during the test in real-
time, thus allowing spatially precise projection of
test stimuli onto the retinal plane. The MAIA
(Macular Integrity Assessment; CenterVue, Padova,
Italy) device is a commercially available confocal
scanning laser ophthalmoscope-based microperime-
ter that has demonstrated robust reliability,9 inters-
ession agreement,9 and coefficient of repeatability.10
The MAIA has been widely used in routine clinical
care11–13 as well as in monitoring retinal function in
clinical trials.14–16 More recently, the MAIA device
has been used to demonstrate spatial correlation
between decreased retinal sensitivity and the dough-
nut region bound by the double hyperautofluores-
cent rings17 and the perifoveal region of reduced deep
capillary plexus vessel density on optical coherence
tomography angiography18 in USH2A retinopathy.
Several microperimetry parameters have been used for
reporting structural-functional correlation and disease
progression, including mean sensitivity (MS) across
all test loci of the grid,12,18–20 pointwise sensitiv-
ity,21 zones within the test grid,22 and the number
of scotomatous or nonscotomatous (i.e., seeing) loci
within the grid.23,24 Recently, it has been reported in
patients with Stargardt disease that retinal sensitivity
in loci surrounding scotoma declines faster than overall
MS.25 Given the potential importance of microperime-
try as a functional end point in future USH2A clinical
trials, there is an unmet clinical need to investigate the
natural history progression of USH2A retinopathy in
microperimetry parameters.

In this study, we explored the use of MAIA
microperimetry as a trial end point in USH2A
retinopathy by using two testing grid patterns. One
grid sampled across the macula while the other densely
measured the fovea and parafovea. Microperimetry
parameters were investigated both cross-sectionally
and longitudinally in a cohort of patients with
USH2A.

Methods

This study was approved by the human ethics
committee of the University of Western Australia
(RA/4/1/7916, RA/4/1/8932, RA/4/20/5454) and the
Human Research Ethics Committee, Sir Charles
GairdnerHospital (2001-053) and adhered to the tenets
of the Declaration of Helsinki. Written informed
consent was obtained from all participants for their
data to be used for research purposes.

Patient Selection

Our databases (Western Australian Retinal Disease,
WARD database and Australian Inherited Retinal
Disease Registry) were interrogated for patients with
syndromic and nonsyndromic rod–cone dystrophy.
From each group, individuals with biallelic USH2A
mutations were selected for examination of MAIA
outcome measures. This is a prospective study in which
patients were scheduled to attend regular 6-monthly
review sessions but the actual intervisit interval varied
owing to social and logistical challenges that commonly
face these patients.

Genetic Diagnosis

Genomic DNA extracted from peripheral blood26
was analyzed by targeted next-generation sequencing,
using a retinal dystrophy NGS SmartPanel (version 4
or 7; 183 or 233 genes)27 targeting all exons and flank-
ing intronic regions of known retinal dystrophy genes,
together with known deep intronic variants. Candi-
date variants were confirmed by Sanger sequencing.
The phase of detected candidate variantswas examined
by targeted Sanger sequencing of parental DNA
(preferentially), and/or other familial DNA samples, as
required. For patients clinically diagnosed with USH2
where segregation was incomplete, biallelism was
assumed where no other variants in USH2-associated
genes were detected. Sequencing was performed by the
Casey Eye InstituteMolecular Diagnostics Laboratory
(Portland, OR) or the Molecular Vision Laboratory
(Hillsboro,OR). Sequences were aligned to theUSH2A
reference sequence NM_206933.2, with nucleotide 1
corresponding to the A of the start codon ATG, and
described in accordance with Human Genome Varia-
tion Society recommendations version 15.11.28 Variant
pathogenicity was assessed as previously described29
and interpreted according to the American College
of Medical Genetics and Genomics/Association for
Molecular Pathology joint guidelines.30

Microperimetry Testing Protocol

MAIA microperimetry was conducted by trained
ophthalmic assistants in a completely darkened room.
Patients’ eyes were dilated (tropicamide 0.5% and
phenylephrine 2.5%) and testing was performed after
the patient was given 2 to 3 minutes to adapt to the
darkened condition.

Two MAIA test grids were used in this study
(Supplementary Fig. S1). Where possible, these were
conducted consecutively within the same session, with
a brief break (1–2 minutes) between tests. Grid 1
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(Supplementary Fig. S1A) samples the central 18°
diameter of the macula and is composed of a 68-loci
Cartesian array at 1°, 3°, 5°, 7°, and 9° from the verti-
cal or horizontal meridian, akin to the 10-2 pattern
in Humphrey visual field. Grid 2 (Supplementary Fig.
S1B) covers a smaller central zone of 6° diameter,
encompassing both the fovea (<2.5° radius) and the
parafovea (2.5°–4.0° radius). It consists of 37 test loci
distributed in a radial pattern at 0°, 1°, 2°, and 3°
from the foveal center. In both grids, Goldmann III
achromatic stimuli with 200-ms stimulus duration were
shown on a dim white (1.27 cd/m2) background. The
differential stimulus luminance has a dynamic range
spanning from 0.08 to 317.04 cd/m2 (36 to 0 dB). In the
MAIA software, 0 dBwas designated to retinal loci that
could only detect stimulus at the highest luminance. In
addition, a location that was not detected by the subject
at the highest luminance was assigned –1 dB and this
conventionwas kept for analysis. A 4-2 test strategywas
used.

Longitudinal data were available for a subset of the
cohort and were measured using the follow-up testing
mode provided by the MAIA manufacturer. Infrared
fundus images were acquired at the first visit and used
to align and register subsequent examinations. To be
eligible for longitudinal analysis, the eye must have
three or more visits.

Statistical Analysis

Microperimetry data from the right eye only were
used for both cross-sectional and longitudinal analyses.
Data from each patient’s first visit were used for a cross-
sectional analysis. Longitudinal data were available in a
subset of patients. Interocular analysis was conducted
on both eyes at the first visit, with left eye data trans-
formed to right eye orientation.

Raw pointwise sensitivity for each test was extracted
from the database within the MAIA device. For each
grid, the MS across all loci and the number of nonsco-
tomatous (sensitivity of ≥0 dB) loci were extracted.
In addition, responding point,23 which selects loci
that are nonscotomatous, were also extracted for
Grid 1. Responding point sensitivity (RPS) refers to the
average sensitivity across all responding points within
the grid. Retinal sensitivity was also extracted around
the edge of the scotoma (ES) as previously proposed.22
More specifically, ESwas defined as loci adjacent to any
scotomatous (i.e., –1 dB) locus (Fig. 1). In cases where
there were nonscotomatous loci across the entire grid,
ES analysis was performed only in eyes with scotoma-
tous loci within the grid. For simplicity, we defined ES
sensitivity (ESS) as the average sensitivity across all ES
loci. In both RPS and ES, loci demarcated at first visit

were applied to subsequent visits for each individual
eye. RPS and ESS analyses were not conducted in the
smaller Grid 2 as the majority of the eyes (12 out of
13 cross-sectionally; 10 out of 11 longitudinally) had
measurable sensitivities across the entire grid.

Unless otherwise specified, group data are summa-
rized by average and standard deviation (SD). For
longitudinal data, linear regression was fitted to
each relevant parameter across time for each patient.
Average slope was then calculated to give an overall
estimate of change across time. Paired t-tests were used
to compare between MAIA parameters across same
eyes.

Results

Patient Demographics

A total of 175 patients with nonsyndromic RP and
27 patients with USH (10 with type 1, 17 with type
2) were identified. Of the patients with RP and USH
genetically analyzed to date (n= 106 and n= 27, respec-
tively), biallelic USH2A mutations were identified for
six with RP (approximately 6%) and 15 with USH
(approximately 56%) (Table 1). Of the 21 patients, the
ratio of females to males was 3:4. The average (range)
age of onset of visual symptom was 23 years (11–
48 years) for the 19 patients who were symptomatic.
Two asymptomatic patients were aged 4 and 7 years at
their most recent follow-up.

Among the combined cohort of 21 patients with
USH2A retinopathy, 16 were able to perform MAIA
microperimetry. Of the 16 patients, 12 had testing on
both grids, 3 had Grid 1 testing only and 1 had Grid 2
testing only. MAIA was not performed in five patients
owing to young age (n= 2; patients 8 and 17), advanced
disease (n= 2; patients 2 and 16) and patient preference
(n= 1; patient 14). Longitudinal data were available for
12 and 11 subjects in Grids 1 and 2, respectively, with
an average follow-up period of 2.9 ± 2.0 years and 2.2
± 1.3 years for Grids 1 and 2, respectively (Supplemen-
tary Table S1).

Cross-sectional Analysis

Grid 1
For the 15 patients with MAIA data, average ± SD

age was 35.6 ± 16.8 years (range, 14 –65 years). Of
the 68 loci measured, the average number of nonsco-
tomatous loci was 46.6 ± 19.4 (range, 0–68; Fig. 2A).
In 11 of 15 cases, more than one-half (>34) of the
test loci were detected. Linear regression estimated a
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Figure 1. Extracting sensitivity parameters in Grids 1 and 2. (A, B) Grid 1 results in two different eyes at baseline. Retinal sensitivity at each
locus is listed within the square. Scotoma is indicated by –1. By definition, the edge of scotoma is not applicable for (A). (B) The ES loci are
marked by grey squares. n/a, not applicable. (C) Grid 2 results in a representative eye. Note that RPS and ESS were not extracted for this grid.
(D, F) Retinal sensitivity at each eye’s last visit, corresponding to the first visit plotted directly above. Note that responding points and edge
of scotoma loci, defined at baseline, remain unchanged at subsequent visits.

reduction of 0.16 loci per year of age but the associ-
ation was weak (y = –0.16x + 52.5; R2 = 0.02). In
addition, there seemed to be no relationship with age
after stratifying the number of seeing loci into equal
quarters (grey dashed lines). The average MS for the
15 eyes, across the whole of Grid 1, was 10.0 ± 6.9 dB.
There was no obvious trend in MS versus age (y = –
0.11x + 13.9; R2 = 0.07;Fig. 2B). Using the conven-
tional definition of MS (i.e., ≤24 dB regarded as below
normal retinal sensitivity10,31; dashed line), only one
eye (from the fourth oldest individual in the cohort;
patient 12, age 47 years) was considered to have normal
overall function. The average number of RP loci and
RPS were 46.6 ± 19.4 dB and 14.6 ± 5.0 dB, respec-
tively. Patient 18 presented with scotoma in all 68 loci
so was excluded from the analysis. Note that in three
eyes (patients 3, 12, and 20), there were nonscotoma-
tous loci across the entire grid and their RPS is equiv-
alent to their MS. The relationship between ESS and
age was similar to MS and age (y = –0.11x + 18.4; R2

= 0.13; Fig. 2C). ESS was evaluated in 11 eyes, with

patient 18 (all loci scotomatous) and patients 3, 12, and
20 (all loci nonscotomatous) not qualified for analysis.
The average number of ES loci and ESSwere 24.4± 4.4
dB and 9.6± 2.3 dB, respectively. There was a relatively
strong association between ESS and age (y = –0.11x +
13.2; R2 = 0.49; Fig. 2D).

Grid 2
For the 13 patients with MAIA data, the average

age was 37.4 ± 16.9 years (range, 16–65 years). All
13 patients were able to detect at least 75% of the test
loci in the smaller 37-loci grid (Fig. 2E). Compared
with Grid 1, there was a stronger linear relationship
that estimated a similar reduction of 0.07 test loci per
year (y = –0.07x + 39.0; R2 = 0.23). The average MS
was 23.8 ± 6.2 dB and, in contrast with Grid 1, was
accompanied with a stronger negative trend against age
(y = –0.26x + 33.4; R2 = 0.49; Fig. 2F). Correspond-
ingly,more eyes had anMSgreater than 24 dB inGrid 2
(9/13) than in Grid 1 (1/15).
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Figure 2. Cross-sectional MAIA results in USH2A retinopathy. (A–D) In Grid 1, the number of nonscotomatous loci (A), MS (B), RPS (C), and
ESS (D) are plotted against age, respectively. Linear regression lines are plotted for each panel (solid black). Grey dashed lines in (A) divide
the number of loci into quarters. Grey dashed line in (B, C, and D) indicates the 24 dB cut-off for normal retinal function. (E, F) In Grid 2, the
number of seeing loci (E) and MS (F) are plotted against age, respectively. Other details as per (A, B).

Interocular Symmetry at Baseline

Interocular symmetry in pointwise sensitivity at the
first visit was examined for Grid 1 (Fig. 3A) and
Grid 2 (Fig. 3E). In both grids, symmetry was observed
between contralateral eyes, as the average of the differ-
ences between right and left eyes was close to 0 (Grid 1,
+0.03 dB; Grid 2, –0.06 dB). However, the 95% confi-
dence intervals of the differences in pointwise sensitiv-
ity (dashed lines) were relatively large in both grids,
with Grid 1 showing a wider interval than Grid 2

(Grid 1, –11.2 to +11.3 dB; Grid 2, –9.3 to +9.2 dB).
After collapsing pointwise data into MS, the difference
between the two eyes remained around 0 dB in both
grids. The 95% confidence intervals of the differences
in MS became tighter in both grids (Grid 1, –2.7 to
+2.7 dB [Fig. 3B], Grid 2, –4.0 to+3.9 dB [Fig. 3F]). In
Grid 1, the average interocular difference (95% confi-
dence interval) in RPS (Fig. 3C) and ESS (Fig. 3D)
were –0.1 dB (–3.6 to +3.5 dB) and –0.3 dB (–8.1 to
+7.5).
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Figure 3. Cross-sectional interocular results in USH2A retinopathy. (A–D) In Grid 1, the differences between right and left eye in pointwise
sensitivity (A), MS (B), RPS (C), and ESS (D) are plotted against their respective interocular averages. Solid lines indicate the average difference
and the dashed lines indicate the 95% confidence interval. (E, F) In Grid 2, the differences between right and left eye in pointwise sensitivity
(A) and MS (B) are plotted against their respective interocular averages. Other details as per (A).

Longitudinal Analysis

Grid 1
In the 12 patients with longitudinal data, the average

follow-up period was 2.6 ± 1.7 years. The average
change in the number of test loci responded was –1.4
± 5.7 per year (Fig. 4A). Three of 12 eyes showed a
paradoxical increase in the number of nonscotoma-
tous loci across time. At the first visit, MS, RPS, and
ESS showed a wide range from 3.4 to 25.3 dB, 7.3

to 25.3, and 6.8 to 14.4 dB, respectively. Note that to
increase sample size, patient 20 was included in longi-
tudinal analysis by shifting the baseline to the time
when scotoma first appeared. Patient 3 and patient 12
were not included in ESS longitudinal analysis because
patient 3 only had two time points with scotoma across
the grid and patient 12 had nonscotomatous loci across
the entire grid in all visits. The overall average MS
slope indicated a decline of 0.34 ± 1.11 dB/y (Fig. 4B,
Table 2). Compared with MS, RPS showed a greater
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Figure 4. Longitudinal MAIA results in USH2A retinopathy. (A–D) In Grid 1, number of nonscotomatous loci (A), MS (B), RPS (C), and ESS (D)
are plotted against time after first visit. (E, F) In Grid 2, the number of nonscotomatous loci (E) and MS (F) are plotted against time after first
visit. Note that the same symbol is used for the same eye for all six panels.

average overall rate of decline at 0.90 ± 1.63 dB/y
(paired t-test, P < 0.05; Fig. 4C, Table 2).Importantly,
ESS showed a significantly greater decline than RPS
at 1.84 (2.66) dB/y (paired t-test, P < 0.05; Fig. 4D,
Table 2).

Grid 2
In the 11 patients with longitudinal data, the average

follow-up period was 2.2 ± 1.3 years. Only one eye
showed a decrease in the number of seeing loci across
time. The remaining eyes retained stimulus detection at
all 37 loci in all follow-up visits. The average change in
the number of seeing loci was –0.47± 1.47 loci per year

(Fig. 4E). MS was greater than 20 dB at the first visit in
the majority of patients (9 out of 11), and the average
slope was +0.57 ± 2.32 dB/y (Fig. 4F, Table 3).

Interocular Symmetry in Natural History

In Grid 1, the average difference in MS progression
between right and left eyes (Fig. 5A) was 0.02 dB/y
(95% confidence interval, –1.8 to +1.9 dB/y, dashed
lines). The interocular difference in RPS progression
was similar toMS (0.2 dB/y; Fig. 5B) but the 95% confi-
dence interval was greater (–2.6 to 2.9 dB/y). Similarly,
ESS interocular progression rates were similar between
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Table 2. Linear Fit Parameters of MS, RPS, and ESS across Time in Grid 1

MS RPS ESS

Patients Longitudinal Data Points Slope R2 Slope R2 Slope R2

1 3 –2.17 0.67 –4.47 0.72 –6.50 0.72
3 3 –0.04 0.01 –0.04 0.01 — —
4 3 +1.59 0.98 +1.49 0.88 +1.38 0.81
5 6 –0.22 0.07 –0.35 0.12 –1.05 0.23
7 5 –0.03 0.01 –0.32 0.09 –1.02 0.66
9 8 –0.38 0.30 –0.70 0.38 –0.66 0.28
10 4 –2.19 1.00 –3.65 0.98 –6.70 0.91
11 5 +0.21 0.21 +0.10 0.03 +0.05 0.01
12 6 –0.23 0.09 –0.23 0.09 — —
19 3 +1.06 0.45 –0.55 0.10 –0.54 0.05
20 8 –0.56 0.32 –0.69 0.45 –1.77 0.74
21 7 –1.14 0.41 –1.43 0.47 –1.57 0.50
Average 5.1 –0.34 0.38 –0.90 0.36 –1.84 0.49

Table 3. Linear Fit Parameters of MS across Time in
Grid 2

MS

Patient Longitudinal Data Points Slope R2

1 3 –0.89 0.77
3 3 –2.74 1.00
4 3 +1.20 0.95
5 6 +0.90 0.74
7 5 +1.03 0.76
9 8 –0.64 0.17
11 2 +6.13 1.00
13 5 –1.86 0.95
19 3 +1.84 0.13
20 8 +0.58 0.29
21 7 +0.66 0.29
Avg 4.8 +0.57 0.64

the two eyes (0.2 dB/y; Fig. 5C) but with wide confi-
dence intervals (–3.3 to 3.7 dB/y). In Grid 2, the MS
progression rates was similar between the two eyes (0.2
dB/y, Fig. 5D), also with relatively wide confidence
interval (–2.7 to +3.0 dB/y).

Discussion

We demonstrated that MAIA was feasible in most
patients with USH2A retinopathy. The number of
test loci the patient responded to was dependent on
the coverage of the testing grid used. The MS was
preserved in the smaller Grid 2, but reduced in Grid 1

owing to retinal degeneration encroaching into the
outer portion of this larger grid. There was good
symmetry in MAIA microperimetry in both point-
wise and MS , but the 95% confidence intervals were
wide. In addition, we analyzed RPS and ESS in the
larger Grid 1 and found that ESS rate of decline was
significantly greater than that of RPS and MS, which
has implication for microperimetry outcome measures
in future USH2A clinical trials. MAIA microperime-
try demonstrated highly variable longitudinal trends in
the number of loci responded, MS, RPS, and ESS in
USH2A retinopathy.

In our clinical cohort, USH2A retinopathy was
confirmed in 6% of genetically tested patients with
nonsyndromic RP and in 56% (88%) of patients with
USH (USH2). In UK- and US-based studies, it has
been estimated that 42% to 63% of patients with
USH232,33 and 5% to 21% of patients with isolated
RP6,33–35 carry mutations in USH2A.The percentage
of USH2A disease in our USH2 cohort is higher than
previously reported but agrees with previous reports
in the nonsyndromic RP cohort. This is, most likely,
owing to the bias in testing specific forms of inher-
ited retinal disease cohort related to funding availabil-
ity for specific genetic research projects. Encouragingly,
out of the 21 patients with confirmed biallelic USH2A
mutations, microperimetry was feasible in the majority
(16/21 [76%]), which supports its usefulness as a poten-
tial outcome measure in clinical trials.

USH2A retinopathy is a degenerative disease that
progresses centripetally36 and one would have expected
that older patients may have an increased number
of scotoma encroaching into the macula. However,
our cross-sectional data showed a weak relationship
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Figure5. Longitudinal interocular results inUSH2A retinopathy. (A–C) InGrid 1, interocular differences inMS slope (A), RPS slope (B), andESS
slope (C) are plotted against their respective interocular averages. Solid lines indicate the average difference and the dashed lines indicate
the 95% confidence interval. (D) Interocular difference in MS slope is plotted against the average of both eyes in Grid 2. Other details as
per (A).

between the number of nonscotomatous loci and age
in the large Grid 1. In MS and RPS, there were weak
negative trends with age. However, if we were to disre-
gard the 47-year-old patient (patient 12) with an unusu-
ally high MS and RPS, the resulting R2 values would
have been much higher (MS: y = –0.16x + 14.7, R2 =
0.25; RPS, y = –0.17x + 19.3, R2 = 0.45). Linear fit
to cross-sectional ESS data (y = –0.11x + 13.2, R2 =
0.49) was comparable with RPS results. To our knowl-
edge, only one study has previously examined MAIA
microperimetry in USH2A retinopathy.18 The authors
used a grid with test loci arranged in a radial pattern
covering the central 10° diameter of the macula and
reported an average MS of 15.6 ± 8.2 dB in 48 eyes
with biallelic variants in either USH2A (n = 37) or
MYO7A (n = 11). Their average MS falls between the
MS reported in the two grids in our study (Grid 1, 9.7±
6.9; Grid 2, 23.8 ± 6.2 dB). This finding is not surpris-
ing; the retinal coverage of the grid used in the previ-
ous study falls between the two grids used in our study
(Grid 1, 20° diameter; Grid 2, 6° diameter).

Microperimetry measurements have been reported
in eyes with a clinical diagnosis of RP and average MS

ranging from 5.1 to 19.3 dB.11,37–39 However, it is diffi-
cult to directly compare these results with our study
owing to the genetic heterogeneity of previous study
populations and different devices and grid patterns
used. Interocular symmetry is a feature in rod–cone
dystrophy. Symmetry in overall macular function was
supported by our observation of an almost zero differ-
ence in pointwise, mean, andESS in both grids between
the right and left eyes (Fig. 3). However, the 95% confi-
dence intervals were relatively wide in pointwise sensi-
tivity analysis for both grids (approximately 20 dB).
In Grid 1, the 95% confidence interval was narrower
in MS (5.4 dB) when compared with RPS (7.2 dB)
and ESS (15.6 dB). The narrower confidence interval
observed inMSmay be due to the floor effect observed
in the peripheral loci. In Grid 2, the 95% confidence
interval of MSwas also relatively large at 7.8 dB. There-
fore, the wide 95% confidence intervals in the MAIA
parameters should caution against the use of the fellow
eye as a control in unilateral treatment trials.

In the subset of eyes with longitudinal follow-up, the
averageMS tended to decline inGrid 1 (–0.34 dB/y) but
increase in Grid 2 (+0.57 dB/y). It is worth noting that
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both trends were not statistically different from 0 dB/y,
which is perhaps not surprising given the relatively
short observation time in some eyes and the small
sample size. In a cohort of 75 RP eyes, using the same
grid pattern as Grid 1, but a different microperime-
try device (Nidek MP1), it was reported that MS
decreased by 0.4 dB/y,38 which corresponds with our
findings despite the genetic heterogeneity of their study
cohort. To measure the change in retinal regions that
are at highest risk of functional decline, we explored
the use of ESS as proposed previously.22 In Grid 1,
compared with MS, the overall slope of RPS decline
was approximately three-fold greater and six-fold for
ESS decline. The positive average MS slope in Grid 2
(+0.57 dB/y) suggests functional preservation within
the central retina in most of the cohort. Hence, the
smaller retinal coverage in Grid 2 may not provide a
sensitive measure of disease progression in USH2A
until later in the disease stage when a small island of
central field remains.

Our findings have implications for clinical trial
design. Measuring ESS decline in a test grid with
greater area of retinal coverage may enable a shorter
trial period or smaller sample size compared with the
use of MS or RPS. However, for grids with smaller
retinal coverage, which does not cross over into regions
of scotoma, RPS and ESS may not be useful outcome
measures until late disease stage owing to the degener-
ation pattern in USH2A. Perhaps, instead of using a
set grid, future study could investigate the usefulness
of a customized grid approach.40 However, instead of
marking the central area of atrophy as suggested by
the aforementioned study, which investigated patients
with age-related macular degeneration, it would be
more useful to mark the hyperautofluorescent ring as
disease boundary inUSH2A. Like cross-sectional data,
interocular symmetry in progression rate showed an
average interocular difference close to 0 dB/y in both
grids for MS, RPS, and ESS. However, the 95% confi-
dence intervals are relatively wide in all scenarios, again
cautioning the use of the contralateral eyes as an inter-
nal control in a clinical trial.

Although our study examines MAIA results in
patients with biallelic mutation of the USH2A gene,
this study was based on data collected from a cohort
of patients in a clinical setting. Therefore, there are
several limitations to consider. First, learning effect was
not examined as we had incorporated all data from all
testing sessions. However, in our clinic, microperime-
try is always performed in the right eye first. Hence any
learning effect should be consistent across all patients.
Second, test–retest variabilitywas not addressed, which
is a key factor pertinent to psychophysical tests such
as microperimetry. In addition, test–retest variabil-

ity is required to define significant sensitivity change
across time. Future studies should determine test–
retest variability of MAIA microperimetry in USH2A
retinopathy patients across different disease severity
and grids with different retinal coverage.

In conclusion, our data suggest that MAIA
microperimetry may potentially serve as an outcome
measure in futureUSH2A clinical trials. The technique
could be performed in the majority of our cohort.
Loci in the peripheral macular tend to be scotoma-
tous or have low sensitivity values in USH2A, which
should be considered when designing a grid pattern
for testing this cohort. If indeed a test grid with wide
retinal coverage is chosen in clinical trials, ESS may be
a useful parameter to evaluate in this disease.
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