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Purpose: To determine whether change in retinal sensitivity in areas with subretinal
or intraretinal fluid secondary to age-related macular degeneration (AMD) precedes
visual symptoms. If confirmed, retinal sensitivity testing could be used for home
monitoring in AMD.

Methods: Individuals with intermediate AMD enrolled in a longitudinal study were
seen every 6 months and underwent best-corrected visual acuity testing (BCVA),
spectral domain–optical coherence tomography (SD-OCT), and microperimetry.
Asymptomatic individuals who developed incidental, reading center–determined
retinal fluid detected on SD-OCT were identified. The point-wise sensitivity (PWS) at
the time of fluid detection was compared with 6 and 12 months prior.

Results: Fourteen of 161 individuals developed fluid without symptoms. PWS over
fluid areas at detection was reduced compared with 6 (difference �2.04 dB, P ,
0.001) and 12 months (�2.27 dB, P , 0.001) prior. PWS over fluid areas was reduced
compared with perifluid areas (difference �1.02 dB, P ¼ 0.03), peripheral areas (�1.51
dB, P , 0.001), nonprogressed fellow eyes (�1.49 dB, P ¼ 0.006), and nonprogressed
age-matched intermediate AMD eyes (�2.29 dB, P ¼ 0.001). No difference in BCVA
was observed in eyes developing fluid compared to eyes that do not develop fluid (P
¼ 0.76).

Conclusions: Retinal areas with fluid on SD-OCT had a corresponding reduction in
retinal sensitivity at the time of fluid detection compared with 6 and 12 months prior,
in asymptomatic intermediate AMD without change in BCVA.

Translational Relevance: Development of self-monitoring tools to detect changes in
retinal sensitivity may be helpful for early detection of retinal fluid suggestive of
progression to neovascular AMD before acuity is affected.

Introduction

Neovascular age-related macular degeneration
(nAMD) is a devastating disease that, if left untreat-
ed, will usually result in severe, permanent vision loss.
The introduction of intravitreal injections of vascular
endothelial growth factor inhibitors (anti-VEGF), has
dramatically reduced the rate of irreversible vision
loss, with rates of legal blindness decreasing by more
than half in the past decade.1,2 However, many people
do not notice the earliest changes in their vision,

delaying presentation. Reports from the United States

suggest that 78.5% to 88.3% of nAMD cases present

with vision worse than 20/40, where there is often

irreversible retinal damage, thereby limiting the

ability of treatment to restore vision.3,4 Delay between

symptom onset and initiation of treatment as well as

poor presenting visual acuity (VA) have been

identified as important predictors of final visual

outcome after anti-VEGF treatment.5–9 Recently,

the Fight Retinal Blindness real world audit reported

that second eyes developing nAMD (mean VA of 61.2
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letters; 20/63) present with a mean VA of approxi-
mately 12 letters better than the first eye that
developed nAMD (mean VA of 49.7 letters; 20/
100).10 It is likely this improved vision on presenta-
tion of the second eye is due to earlier detection, either
as a result of more frequent review, or earlier
recognition of vision loss by the individual. It is
vitally important that we develop better ways to
identify and monitor people with the earliest signs
suggestive of nAMD as earlier identification and
appropriate treatment with anti-VEGF therapy will
impact greatly on the overall long-term visual
outcomes. Because clinical follow-up of all patients
with intermediate AMD (iAMD) at time intervals of
less than 6 monthly is not practical; more effective
home-monitoring tools need to be developed.

People with iAMD are at risk of developing
nAMD, and are usually advised to self-monitor at
home on a weekly basis using an Amsler grid to detect
the onset of distortion or blur.11–13 While being used
for many decades, the Amsler chart has been
demonstrated to lack sensitivity and compliance.14,15

Newer home monitoring tools using hyperacuity
measurements (e.g., ForeseeHome device and MyVi-
sionTrack application), have shown some success
with earlier detection of nAMD in clinical trials.16,17

However, there has not yet been widespread uptake of
these acuity based home monitoring tools and they
still rely on a detectable change in vision. Intraretinal
fluid (IRF) and subretinal fluid (SRF) have been
identified as being early and prominent signs of
exudation associated with nAMD, and surrogate
markers for the presence of excess VEGF, which
drives neovascular tissue development.18–20 Potential-
ly, there may be an early alteration in retinal
sensitivity, as IRF and SRF accumulate, that might
be able to be detected in a self-monitoring tool,
perhaps even before a detectable change in acuity. If
so, then closer monitoring and earlier intervention
might be possible, assuring a better long-term visual
outcome.12,21,22

Clinic-based microperimetry is a more sensitive
measure of functional deficit than VA in iAMD.23–25

Longitudinal observation of individuals with iAMD
who had changed clinical features showed corre-
sponding changes in retinal sensitivity without chang-
es in VA.26 Furthermore, microperimetric functional
deficits are known to correspond to multimodal
imaging (MMI) biomarkers of AMD, including
increased fundus autofluorescence,27 outer segment
thinning on spectral-domain optical coherence to-
mography (SD-OCT),28 pigment epithelial thickening

and elevation on SD-OCT, and disruption of the
second hyperreflective band on SD-OCT.29–31 One
report suggests that a functional decline can precede
progression to macular neovascularization (MNV)
and geographic atrophy (GA) by several months,32

and it is known that retinal sensitivity change is
associated with SRF and IRF identified with SD-
OCT.33 However, it is currently unknown whether
microperimetry functional deficits associated with
SRF or IRF can be detected before the person
develops any visual symptoms or loss of VA. It is also
unknown if any change in sensitivity precedes the first
signs of fluid detected with SD-OCT.

The aim of the study was to determine whether
there is a reduction in retinal sensitivity in areas that
develop SRF or IRF, implying a high likelihood of
exudative MNV, before there are any visual symp-
toms or drop in VA. We also wished to determine if
any change in sensitivity could be detected at visits
preceding detection of the fluid. To do this, we
prospectively followed a cohort of iAMD patients, all
having MMI, microperimetry testing, and reading
center evaluations every 6 months.

Methods

Study Cohort

Participants with iAMD, who were part of a 36-
month longitudinal cohort study in the Macular
Research Unit at the Centre for Eye Research
Australia enrolled between 2012 and 2015, were
eligible for this substudy. The study was approved
by the Human Research Ethics Committee of the
Royal Victorian Eye and Ear Hospital and was
conducted according to the tenets of the Declaration
of Helsinki. Written informed consent was obtained
from all participants after explanation of the nature
and possible consequences of the study.

Inclusion criteria consisted of individuals aged 50
years or older with bilateral large drusen (.125 lm);
consistent with the Beckman classification of
iAMD.34 Best-corrected visual acuity (BCVA) read
on the standard Early Treatment Diabetic Retinop-
athy Study (ETDRS) chart was required to be 70
letters (20/40) or better in both eyes.

Exclusion criteria included late AMD (GA or
MNV) or any anatomic features recognized on MMI
as signs that portend the development of late atrophic
AMD.35–37 These included SD-OCT evidence of
nascent atrophy,35,36 or fundus autofluorescence
(FAF)-defined atrophy.37 Additional ocular exclu-
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sions included cataracts (�2 in the World Health
Organization Cataract Grading Scheme),38 glaucoma,
amblyopia, or any corneal pathology. Individuals
with neurologic or systemic conditions and those
taking medications known to affect vision or retinal
evaluation were excluded as were participants with
cognitive deficits. Individuals who repeatedly scored a
false-positive rate of more than 25% on microperim-
etry testing of retinal sensitivity during screening were
excluded from the study.

Visit Schedule

At intervals of every 6 months (61 month) over a
follow-up period of 36 months the following testing
was performed: history regarding symptomatic
changes in vision (including self-monitored Amsler
grid), BCVA, Amsler grid testing, clinical examina-
tion, functional assessment with microperimetry, and
MMI, including SD-OCT. Baseline assessment addi-
tionally included review of systemic, ocular, and
family history. As part of the longitudinal study,
participants were asked to home monitor for symp-
toms of visual changes using the Amsler grid weekly.
In the event of new ocular symptoms reported to the
study team, participants were reviewed on an ad-hoc
basis to exclude new ocular pathology.

Multimodal Imaging

Near-infrared reflectance (NIR), SD-OCT, and
short-wavelength FAF were performed using a
Spectralis HRAþOCT (Heidelberg Engineering, Hei-
delberg, Germany) over a 308 3 308 area centered on
the macula. SD-OCT volume scans were taken using
49 horizontal B-scans, 120 lm apart over 208 3 208

area centered on the macula, with automatic real time
(ART) equal to 25 frames averaged for each B scan.
The automatic scan alignment feature was used for
follow-up scans. Nonstereoscopic posterior pole
(macula and disc centered) digital color fundus
photography was performed using the CR6-5NM
nonmydriatic retinal camera (Canon Inc., Saitama,
Japan) with a minimum resolution of 2000 3 2000
pixels.

Microperimetry

Microperimetry was performed using the Macular
Assessment Integrity Analyzer (MAIA; CenterVue,
Padova, Italy) microperimeter with our customized
AMD 68 grid39 (Fig. 1). The AMD 68 grid consists of
37 test points at 08, 18, 2.338, 48, and 68 from fixation
allowing regular measurement within the macula with

a slight increased density proximal to the fovea. A red
circular fixation target of 18 diameter and Goldman
III stimuli were presented against a background of
1.27 cd/m2 with a 4-2 threshold strategy. The
maximum stimulus luminance was 318 cd/m2, which
give a dynamic range of 36 dB.39 Continuous fundus
tracking allowed presentation of stimuli at the same
retinal location throughout the test, and hence
enabled precise measurement of individual retinal
regions. A false-positive rate of less than 25% was
classified as reliable (i.e., no participant had a false-
positive rate .25%), with the second of two back-to-
back reliable tests being used for the threshold values.
The second test was conducted a few minutes after the
first test at each visit to minimize effects of fatigue.
The outcome parameter was point-wise sensitivity
(PWS), which is the threshold of each individual test
point. Room illumination was switched off immedi-
ately to ensure equivalent levels of light exposure
prior to testing. Functional testing was performed
prior to any investigations capable of significantly
bleaching photoreceptors.

Grading

All MMI images were graded in the reading center
for AMD status according to the Beckman criteria.
Any participant noted to have changes suggestive of
progression to advanced AMD was flagged and
images reviewed by clinicians within 1 week. Partic-
ipants identified at any review as having developed
incidental SRF or IRF on SD-OCT, were reviewed by
senior retinal specialists and fluorescein and indo-
cyanine green angiography was performed to deter-
mine if there was exudative MNV present.

Analysis

Eyes analyzed in the substudy were allocated into
one of three groups after MMI grading; ‘progressor
eyes’ that developed asymptomatic SRF or IRF on
SD-OCT, ‘fellow eyes’ that did not develop any signs
of late-stage disease at any time, and ‘nonprogressor
eyes’, matched for age, sex, and smoking status with
the progressor group, that also did not develop signs
of late-stage disease at any time. Only the first eye of
an individual developing fluid detected with SD-OCT
was included. Participants that reported symptoms
(distortion, central blur, difficulty reading), either
proactively or upon direct questioning, suggestive of
exudative complications were excluded, so as to only
examine asymptomatic cases of fluid that were picked
up incidentally by the reading center.
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Data at the time of fluid detection (‘‘time of
detection’’), and also at the preceding 6- and 12-
month time points (if available), were included in the
analyses. In the nonprogressor group, an arbitrary
‘‘time of detection’’ was chosen as the visit where the
participants’ age most closely matched the age of the
corresponding progressor at the time of fluid detec-
tion.

Identification of MAIA Test Points Affected
by Pathology

Areas of SRF or IRF were mapped objectively on
the Spectralis NIR scout image using inbuilt software
(Fig. 1). The corresponding MAIA NIR image with
the AMD 68 grid was manually overlaid on the
Spectralis NIR image using the anatomic landmarks
and retinal vessels to ensure correct positioning. As
both the Spectralis and the MAIA use fundus
tracking, the colocalization of NIR maps can be
performed with confidence. In progressor eyes, the 37
test points making up the grid were classified as either
falling (1) within, (2) adjacent (perifluid), or (3)
peripheral to areas of fluid. If any part of a test point
overlapped an area of fluid, they were classified as
falling within an area of pathology. Points were
classified as perifluid when they formed part of a
circumferential perimeter around an area of fluid with
the tightest fit possible (Fig. 1C). Points further
peripheral to those considered perifluid were desig-
nated as peripheral. The PWS was determined for

each region (fluid, perifluid, peripheral to fluid) of
progressor eyes, as well as for all test locations in the
grid in fellow eyes and nonprogressor eyes.

Statistics and Analysis

Baseline demographic characteristics between pro-
gressor and nonprogressor groups was performed
using either two sample t-test (two-tailed) for contin-
uous data or Fisher’s exact test (two-tailed) for
categoric data. Examination of longitudinal changes
in microperimetry PWS were performed using the
linear mixed-effects model with the fluid regions as the
fixed effect and test points nested within an eye as a
random effect, and age and smoking status as a
covariate. Longitudinal changes in BCVA were per-
formed using a mixed-effects piecewise linear-regres-
sion model with random intercepts and slope,
accounting for correlation within eye and participant
and adjusted for age and smoking status. Statistical
significance was set at 0.05 for all tests. Statistical
analyses were performed using Stata/MP version 14.0
(StataCorp LLP, College Station, TX).

Results

Demographic, Clinical, and Review
Parameters of Groups

One-hundred sixty-one participants (322 eyes)
were enrolled in the longitudinal AMD study and

Figure 1. (A) Retinal thickness heat map generated by the Eye Explorer software (Heidelberg Engineering) demonstrating an area of
elevation (red) secondary to retinal fluid at the inferior nasal retina of a left eye. False-color scale bar shows retinal thickness (lm). (B) NIR
scout image with overlaid retinal sensitivity results from the MAIA. The AMD 68 grid is colored to denote varying threshold measurement
values (dB) showing the area of low sensitivity is associated with retinal fluid. (C) Relationship between the fluid location (yellow
boundary) and the location of the sensitivity testing (orange circles). Points falling within or on the area demarcated by the yellow
boundary were classified as co-located with fluid (yellow-filled test points), those immediately surrounding were classified as perifluid
(white-filled test points) and those further removed were classified as peripheral to fluid.
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followed for 36 months. Of these, 16 eyes of 16
participants developed fluid detected with SD-OCT,
but two participants were excluded from further
analysis; one because the individual alerted the study
staff to a sudden drop in vision in the preceding 2
weeks and the other case because the individual’s
fellow eye had already developed nAMD. The
remaining 14 eyes developed fluid (progressors) over
the follow-up period and were analyzed along with 14
eyes of 14 participants matched for age, sex, and
smoking status, who had not progressed (nonpro-
gressors). The SRF or IRF was detected at routine
reading center review in all 14 individuals with no one
describing symptoms at time of fluid detection
(distortion, blur, reduced reading ability), even upon
direct questioning. None were able to identify a defect
on Amsler grid when tested in the clinic. Nine fellow
nonprogressing eyes of the progressors were included
for comparison, the five remaining fellow eyes were
excluded for having been found to have progressed to
later-stage disease (1 with geographic atrophy, 1 with
nascent geographic atrophy, 3 with retinal fluid)
during the follow-up period. None of the participants
received anti-VEGF treatment during the course of
the study.

Three participants in the progressor group had
fluid detected at their first 6-month review after their
baseline examination so data were not available 12
months prior to fluid detection for analysis, therefore
just the ‘‘time of detection’’ and 6-month prior data
were analyzed for these subjects. Demographic,
clinical, and details relating to follow-up periods are
summarized in Table 1. There was no significant
difference between the progressor and nonprogressor
group for age (P ¼ 0.98), smoking status (P ¼0.46),
and review intervals prior to detection (6 month to
time of detection interval, P ¼ 0.42; 12- to 6-month
interval, P ¼ 0.30).

Longitudinal Changes in Best-Corrected
Visual Acuity

No significant difference in BCVA was observed
between the progressor study eyes and the non-
progressor eyes (P ¼ 0.76, see Table 2) or the
progressor fellow eyes and the nonprogressor eyes
(P ¼ 0.31) at fluid detection or at any other time.
There was no significant change in BCVA within the
progressor study eyes at the time of fluid detection in
comparison to the review 6 months prior (P ¼ 0.85,
see Table 2 and Fig. 2).

Table 1. Demographic and Clinical Characteristics of the Study Participants

Study Group

P Value*
Progressors

(N ¼ 14)
Nonprogressors

(N ¼ 14)

Eyes, n (%)
Study eye 14 (100) 14 (100)
Fellow eye 9 (64) 0

Data Available, n (%)
At time of fluid detection 14 (100) 14 (100)
6 months prior to fluid detection 14 (100) 14 (100)
12 months prior to fluid detection 11 (79) 14 (100)

Age (mean 6 SD) 66.9 6 7.0 66.9 6 7.0 0.98
Female sex, n (%) 14 (100) 14 (100) 1.00
Smoking status, n (%)

Never smoked 8 (57) 8 (57) 0.46
Exsmoker 6 (43) 4 (29)
Current smoker 0 (0) 2 (14)

Time in months between reviews, mean 6 SD
�6 month to time of detection 6.5 6 0.8 6.2 6 0.7 0.42
�12- to �6-month period 6.3 6 0.6 6.0 6 0.5 0.30

Subretinal fluid detection at routine follow-up, n (%) 14 (100) 0 (0)
Symptomatic at time fluid detection, n (%) 0 (0) NA

* P values derived via two-sample t-tests for continuous data and Fisher’s exact test for categoric data.
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Topographic Variances in Microperimetric
Sensitivity

The PWS (695%CI) for the different locations
within the progressor eyes (fluid, perifluid, and
peripheral-to-fluid) along with the PWS for the fellow
eyes and the nonprogressor eyes are shown in Table 3
and Figure 3. At the time of incidental SD-OCT fluid
detection, all retinal locations with fluid (n¼51 points
on the MAIA grid across 14 eyes) showed signifi-

cantly worse PWS than those test locations, which
had not developed fluid (including regions within the
same eye adjacent [peri-] or peripheral to the fluid, as
well as fellow eyes and nonprogressor eyes) as shown
in Table 3 and Figure 3. The nonprogressor eyes had
the highest PWS at the time of fluid detection in
comparison to the fluid region and differed by 2.29
dB (P ¼ 0.001). The PWS of the fellow eyes and the
peripheral-to-fluid region differed from the fluid
region by similar extents; 1.49 dB (P ¼ 0.006) and

Table 2. Mean BCVA (Number of Letters) of the Nonprogressor Group and Study Eyes and Fellow Eyes of the
Progressor Groupa

Study Group

Nonprogressors Progressors

(n ¼ 14) Fellow Eye (n ¼ 9) Study Eye (n ¼ 14)

Mean [95%CI] Mean [95%CI] DPb Mean [95%CI] DPb

At fluid detection 88.8 86.6–91.0 90.5 87.7–93.3 0.31 88.3 86.1–90.5 0.76
6-months predetection 90.3 88.1–92.5 90.8 88.0–93.6 0.75 88.6 86.4–90.8 0.24
12-months predetectionc 89.5 87.3–91.7 88.4 85.3–91.6 0.56 87.6 85.3–90.0 0.23

a Estimated using a mixed-effects piecewise linear regression model with random intercepts and slope, accounting for
correlation within eye and participant and adjusted for age and smoking status.

b DP represents the P value for the mean difference in progressor groups compared with the study eye of
nonprogressors.

c No data available at this visit for 3 fellow eyes and 3 study eyes of progressors.

Figure 2. Longitudinal changes in mean BCVA (letters) of
nonprogressor and progressor groups for three visits shows no
change in mean BCVA over time for any group. Estimated using
mixed-effects piecewise linear regression model with random
intercepts, accounting for correlation within eye and participant
and adjusted for age and smoking status. Error bars indicate
95%CI. See Table 2 for statistical analysis. Note that individual data
points have a slight spread at the three longitudinal time points so
that each data point is visible. All data points were obtained at the
time of fluid detection and at 6 and 12 months prior.

Figure 3. Mean pointwise sensitivity estimated using a mixed-
effects piecewise linear regression model with random intercepts,
accounting for correlation within eye, participant and stimulus
location, and adjusted for age and smoking status. Note the
greatest decrease in sensitivity demonstrated by areas overlying
fluid at time of fluid detection. Error bars indicate 95%CI. See Table
3 for statistical analysis. Note that individual data points have a
slight spread at the three longitudinal time points so that each
data point is visible. All data points were obtained at the time of
fluid detection and at 6 and 12 months prior.
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Table 3. Mean Pointwise Sensitivity (dB) Across Groups and Time Pointsa

Study Group Nonprogressors Progressors

Eye Study Eye (n ¼ 14) Fellow Eye (n ¼ 9)

Area of Retina No Fluid No Fluid

Mean [95%CI] P Mean [95%CI] P

Fluid detection visit 26.23 25.29 27.18 25.44 24.37 26.51
Difference from previous visit 0.18 �0.07 0.43 0.16 �0.43 �0.75 �0.12 0.007
Difference from 12 months predetectionb �0.26 �0.51 �0.00 0.048 �1.51 �1.89 �1.14 ,0.001
Difference from points with fluid (progressor eye) 2.29 0.91 3.66 0.001 1.49 0.42 2.56 0.006

6 months predetection 26.05 25.11 27.0 25.88 24.81 26.95
Difference from previous visit �0.44 �0.69 �0.19 0.001 �1.08 �1.45 �0.71 ,0.001
Difference from points with fluid (progressor eye) 0.06 �1.31 1.43 0.93 �0.11 �1.18 0.96 0.84

12 months predetectionb 26.49 25.55 27.43 26.96 25.87 28.04
Difference from points with fluid (progressor eye) 0.28 �1.18 1.73 0.71 0.74 �0.46 1.93 0.23

a Estimated using a mixed-effects piecewise linear regression model with random intercepts, accounting for correlation
within eye, participant and stimulus location, and adjusted for age and smoking status.

b No data at this visit for 3 fellow eyes and 3 study eyes of progressors.
Bolded numbers indicate P , 0.05.

Table 3. Extended

Study Group Progressors

Eye Study Eye (n ¼ 14)

Area of Retina Peripheral to Fluid Perifluid

Mean [95%CI] P Mean [95%CI] P

Fluid detection visit 25.46 24.52 26.42 24.97 23.93 26.01
Difference from previous visit �0.35 �0.65 �0.04 0.03 �0.96 �1.51 �0.42 0.001
Difference from 12 months predetectionb �1.11 �1.44 �0.78 ,0.001 �1.71 �2.33 �1.11 ,0.001
Difference from points with fluid (progressor eye) 1.51 0.71 2.32 ,0.001 1.02 0.12 1.91 0.03

6 months predetection 25.81 24.86 26.76 25.93 24.89 26.97
Difference from previous visit �0.77 �1.10 �0.44 ,0.001 �0.75 �1.36 �0.14 0.02
Difference from points with fluid (progressor eye) �0.17 �0.98 0.63 0.67 �0.06 �0.95 0.84 0.90

12 months predetectionb 26.58 25.62 27.54 26.70 25.62 27.76
Difference from points with fluid (progressor eye) 0.36 �0.59 1.31 0.46 0.47 �0.59 1.53 0.39

Table 3. Extended

Study Group Progressors

Eye Study Eye (n ¼ 14)

Area of Retina Fluid

Mean [95%CI] P

Fluid detection visit 23.95 22.77 25.13
Difference from previous visit �2.04 �2.85 �1.23 ,0.001
Difference from 12 months predetectionb �2.27 �3.22 �1.31 ,0.001
Difference from points with fluid (progressor eye)

6 months predetection 25.99 24.81 27.17
Difference from previous visit �0.23 �1.12 0.73 0.64
Difference from points with fluid (progressor eye)

12 months predetectionb 26.21 24.94 27.50
Difference from points with fluid (progressor eye)
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1.51 dB (P , 0.001), respectively. Sensitivity in the
perifluid region differed from the fluid region by 1.02
dB (P ¼ 0.03), the least of any nonfluid region. At
both 6 and 12 months prior to detection of fluid, there
is no significant difference in retinal sensitivity
between fluid and nonfluid locations (Table 3).
Examples of localized decreases in retinal sensitivity
associated with fluid detected on SD-OCT compared
with 6 months prior are shown in Figures 4 and 5.

Microperimetric Sensitivity Prior to Onset of
SD-OCT Fluid

The difference in retinal sensitivity between the
time of fluid detection and 6 and 12 months prior was
calculated to determine if retinal sensitivity changes

can be detected at the onset of retinal fluid, or even
potentially prior to the detection of fluid with SD-
OCT. At the time of fluid detection relative to 6
months prior, there was a reduction in retinal
sensitivity at the fluid, perifluid, and peripheral-to-
fluid regions, as well as in the fellow eyes (Table 3).
Notably, the reduction in PWS at the fluid region at
the time of fluid detection relative to 6 months prior
(�2.04 dB, P , 0.001; Table 3) was larger than the
reduction in PWS at the perifluid region (�0.96 dB, P
¼ 0.001), peripheral region (�0.35 dB, P¼ 0.03), or in
the progressor fellow eyes (�0.43 dB, P¼ 0.007). The
nonprogressor eyes did not show change in sensitivity
(0.18 dB, P ¼ 0.16) in the 6 months prior to fluid
detection. All groups demonstrated a significant
decline in sensitivity at the time of fluid detection

Figure 4. Representative finding from a 70-year-old female study participant who developed SRF inferonasally to the fovea in their left
eye. (A) NIR scout image, SD-OCT B-scan, and MAIA findings 6 months prior to development of SRF. (B) NIR, SD-OCT, and MAIA at the
time of SRF detection. Microperimetry scale of decibel values and corresponding colors is shown on the right.

Figure 5. Representative finding from a 64-year-old female study participant who developed SRF centrally in their right eye. (A) NIR
scout image, SD-OCT B-scan, and MAIA findings 6 months prior to development of SRF. (B) NIR, SD-OCT, and MAIA at the time of SRF
detection. Microperimetry scale of decibel values and corresponding colors is shown on the right.
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relative to 12 months prior, although nonprogressor
eyes showed the least change (PWS decline of �0.26
dB, P ¼ 0.048) and fluid regions showed the most
change (�2.27 dB, P , 0.001; Table 3). The change in
nonprogressor eyes indicates a slow reduction in
retinal sensitivity over 12 months even in participants
who do not develop fluid in either eye during the
study period.

At 6 months prior to the detection of fluid, no
change in PWS (�0.23 dB, P ¼ 0.64) relative to 12
months prior was detected in the regions destined to
develop fluid in another 6 months’ time. However, all
other groups showed a reduction in retinal sensitivity
at 6 relative to 12 months prior to fluid detection
(Table 3). The smallest change was in the non-
progressor eyes (�0.44 dB, P ¼ 0.001), while the
largest changes were in the remaining progressor
groups; the fellow eyes (�1.08 dB, P , 0.001), the
peripheral-to-fluid region (�0.77 dB, P , 0.001), and
the perifluid region (�0.75 dB, P ¼ 0.02).

Discussion

The aim of this study was to determine if there
were changes in retinal sensitivity in areas overlying
incident fluid in iAMD, prior to any visual symptoms
suggestive of active exudative MNV. The key new
finding from this study was that in asymptomatic
iAMD eyes, the retinal sensitivity of areas with SRF
or IRF detected by SD-OCT was significantly lower
than the retinal sensitivity of (1) areas within the same
eyes not associated with the fluid, (2) their non-
progressed fellow eyes, and (3) eyes matched for age,
sex, and smoking status with iAMD, which did not
develop fluid (nonprogressors). Critically, we have
shown that microperimetry can detect a regional
functional change in retinal sensitivity in participants
with fluid in a presymptomatic stage, prior to both
any change in BCVA or Amsler grid testing. Previous
investigation by ourselves and others into intersession
variability of the MAIA microperimeter has demon-
strated a high degree of repeatability and consistency
of fixation between tests.26,39,40 The reduced regional
retinal function was measured by microperimetry
prior to any symptoms of visual change that were
either self-reported or noted upon direct questioning
at visits every 6 months. Previous studies41,42 have
reported reduced areas of sensitivity in clinically
apparent nAMD, and improved function after anti-
VEGF treatment, but our study was looking only at
cases that did not have typical symptoms of nAMD.

The findings are important as they imply that it

may be possible to use a measure of retinal sensitivity
to detect the onset of retinal fluid (which is suggestive
of nAMD) before patients report visual symptoms or
lose BCVA. It has been assumed that in many cases of
nAMD the neovascular leak occurs acutely and is an
emergency event needing urgent intervention. This is
because clinicians often see people present with
‘‘sudden’’ distortion, blur, or loss of vision and it
has been assumed to be a recent, profound develop-
ment. Our results indicate, that at least in some
people, or perhaps the majority (15/16 in our study)
with iAMD, that there is an opportunity to detect the
first signs of likely exudation before there are any new
visual symptoms or vision loss. This then also
suggests that with regard to self-monitoring, the
ability to detect a drop in retinal sensitivity may be
another sensitive parameter to test. The average
reduction in sensitivity in fluid regions at the time of
detection (PWS differences of �2.04 and �2.27 dB
compared with 6 and 12 months prior, respectively)
was observed as statistically significant despite falling
within the coefficient of repeatability (64.12 dB)
reported previously.39 It should be noted the coeffi-
cient of repeatability shown previously and the
regional and longitudinal differences in retinal sensi-
tivity shown in the current study represent different
parameters. The coefficient of repeatability shows the
variation in sensitivity when doing the test twice on 1
day, comparing all areas within a test, in participants
who have never performed MAIA previously. The
current study shows a reduction in sensitivity within a
specific retinal region over time periods of 6 to 12
months in participants already very familiar with
performing MAIA.

As part of this study, all participants were
reminded to observe an Amsler grid weekly, but none
of the 14 included, reported a defect at the time of
detecting fluid. The findings also suggest there may be
a period of time following the first detection of a
sensitivity drop and accompanying fluid detection
with SD-OCT, that a more frequent review could be
the most appropriate course of management rather
immediate treatment. Indeed, close monitoring of
these people for signs of disease progression will
quickly identify those where treatment becomes
necessary.

These findings re-emphasize that a change in
BCVA and patient symptomology are not necessarily
very early indicators of the onset of exudation.10,18,43

It has been established that initiation of treatment
when BCVA remains good leads to the best long-term
visual outcome.9,44 Yet, it still remains that vision is
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often lost before presentation.10 If it was possible to
self-monitor retinal sensitivity routinely it could lead
to the earlier detection of disease progression to
exudative complications. Our preliminary work with
the Psypad application, presenting a sensitivity test on
a tablet device, used in the home has shown some
promise in this regard.45,46 Nevertheless, the sensitiv-
ity and specificity of the self-testing tool of retinal
sensitivity in detecting the development of retinal fluid
needs to be further evaluated.

Of further interest was the pattern of sensitivity
change displayed by different regions over time.
Within the progressor group, all tested regions that
did not develop fluid, including the fellow eye,
showed a decline in PWS over the 12-months period
before exudation was detected. Such a longitudinal
decrease in sensitivity in individuals with iAMD, of
similar magnitude, has been reported by our group
previously.26 This incremental longitudinal decline in
sensitivity was not seen in the actual regions, which
went on to develop fluid; these regions only exhibited
a decrease in PWS over the 6-month period immedi-
ately prior to the fluid detection, with no drop off in
sensitivity in the preceding 6 months (6- to 12-month
interval prior to fluid detection). Given that areas,
which develop exudation likely constitute regions of
worst disease (from hypoxia due to upregulation of
angiogenic mediators such as VEGF),47–50 this lack of
longitudinal sensitivity decline was unexpected. It is
possible that initially, the angiogenic drive delivers
nonexudative abnormal choroidal vessels to the area
providing a level of nutrients and oxygen that is not
seen in surrounding less hypoxic areas. This nutri-
tional supply may then keep retinal function pre-
served, which we observed as maintained sensitivity,
prior to development of exudation. Our findings of no
difference in retinal sensitivity between 6 and 12
months prior to fluid detection in the fluid region is
consistent with Querques et al.51 who reported no
reduction in microperimetric retinal sensitivity in the
region of a nonexudative ‘‘quiescent’’ MNV. The
recent availability of noninvasive OCT angiography
(OCTA) to closely monitor iAMD cases at high risk
of nAMD will enable the time course of MNV
development and exudation to be determined. Indeed,
Rosenfeld et al.18 have demonstrated with OCTA that
nonexudative MNV can be detected in cases that
would otherwise be considered as typical iAMD.
Further investigation will be required to determine
whether new onset of loss of regional sensitivity, in
the absence of any SD-OCT signs of exudative

disease, may also portend the imminent development
of nAMD.

Over the 12-month review period all progressor
regions, including the fellow eye, displayed a greater
magnitude of decline in sensitivity in comparison to
the nonprogressor eyes, suggestive that collectively
the progressors possessed factors, which lead to
accelerated impairment of function. The development
and progression of AMD is a multifactorial process,
but understanding which variables contribute the
greatest predilection toward developing late disease
has not been definitively established.52–54 Further
investigation of the subset of individuals noted to
display hastened impairment of function using micro-
perimetry, may allow for greater insight into factors
involved with AMD pathogenesis and progression.

Strengths of this study include the large homoge-
neous cohort with a unique dataset. This cohort, all
with bilateral large drusen, had regular review every 6
months with extensive MMI and functional testing at
each visit. Grading center review of all images at each
visit ensured a high degree of confidence that cases of
progression of disease at each time point were
detected. As a consequence, we have a unique cohort
where retinal function has been determined at the
time of first detection of asymptomatic retinal fluid
and also at the preceding 6- and 12-month visits. The
prospective, longitudinal nature of this study made it
possible to measure changes in sensitivity over
worsening stages of disease where previously this
has only been done in cases that remained phenotyp-
ically stable,26 or after overt MNV had developed and
been treated.55,56 Fundus tracking MAIA micro-
perimetry allowed the same retinal areas to be
remeasured accurately, and also allowed differentia-
tion between areas over fluid to those adjacent and
peripheral to the fluid with great accuracy.

Limitations of this study included the 6-month
intervals between reviews such that the asymptomatic
fluid may have been present for days or months prior
to its routine detection, making it impossible to
determine the exact time line between fluid accumu-
lation and sensitivity decreases. Furthermore, from
166 participants in the total cohort, only 16 (~10%)
developed incidental fluid detected on SD-OCT. A
larger sample size of cases progressing to develop
fluid would allow some subanalysis of fluid location
and effect on sensitivity. A further limitation is the
size Goldmann III stimuli, which is the only size
stimulus available in the MAIA at this time. Recently,
it has been found that test sizes within spatial
summation improve functional sensitivity57 (Phu J,
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et al. IOVS. 2016;57:ARVO E-Abstract). Hence, it is
possible that larger deficits in sensitivity associated
with fluid may have been found with a smaller
stimulus. However, most of the test points were well
within the area of fluid (except for a small number at
the border), thus a decrease in stimulus size may not
improve the sensitivity of the detection in this study.
In conclusion, localized retinal functional deficits
associated with the development of asymptomatic,
SD-OCT–defined retinal fluid secondary to AMD
have been observed through use of microperimetry.
These changes preceded changes in BCVA and
symptomology suggesting that microperimetry could
be used as a parameter to self-monitor and detect the
first evidence of potential nAMD. This in turn could
initiate an earlier and more regular review, with time
to develop a monitoring and treatment plan, which
would begin before there was any loss of vision, thus
leading to better long-term visual outcomes than
currently seen with nAMD.
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