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Abstract

Purpose: There is growing interest in functional testing for early/intermediate
age-related macular degeneration (iIAMD). However, systematic evaluation of ex-
isting clinical functional tests is lacking. This systematic review examines evidence
for using clinical automated perimetry in routine assessment of early/iAMD.
Recent findings: PubMed, Web of Science Core Collection, and Embase were
searched from inception to October 2020 to answer, is there evidence of visual field
defects in early/iAMD, and if so, are early/iAMD visual field defects linked to real-
world patient outcomes? Articles using clinical automated perimetry (commercially
accessible and non-modified devices/protocols) were included. Microperimetry was
excluded as this has yet to be incorporated into clinical guidelines. The primary out-
come was global visual field indices including mean deviation (MD), pattern standard
deviation (PSD), mean sensitivity (MS) and frequency of defects. The secondary out-
come was any real-world patient outcome including quality of life and/or activities
of daily living indices. Twenty-six studies were eligible for inclusion and all studies
were observational. There was consistent evidence of worsened MD, PSD, MS and
frequency of defects for early/iAMD compared to normal eyes under photopic, low-
photopic and scotopic conditions. Meta-analysis of studies using standard automated
perimetry (SAP) under photopic conditions revealed worsened MD (-1.52dB [-2.27,
—0.78 dB]) and MS (-1.47dB [-2, —0.94 dB]) in early/iAMD compared to normal eyes,
representing large statistical effect sizes but non-clinically meaningful reductions.
There was insufficient data for meta-analyses regarding other clinical automated pe-
rimetry protocols. Only one study assessed a real-world patient outcome (on-road
driving performance), with no significant link to visual field outcomes in early/iAMD.
Summary: Significant reduction of global visual field indices is present in early/
iAMD, but not clinically meaningful using SAP under photopic conditions.
Translational relevance of visual field outcomes to patient outcomes in early/iAMD
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remains unclear. Thus, SAP under photopic conditions is unlikely to be useful for
routine assessment of early/iAMD.
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INTRODUCTION

Age-related macular degeneration (AMD) is one of the
leading causes of irreversible blindness for people over
50 years of age.! The appropriate management of AMD
involves being able to accurately identify and promptly
act upon significant disease progression either through in-
creasing the frequency of clinical reviews, counselling for
modifiable risk factors and/or medical intervention.

Current clinical testing for AMD progression is based
upon structural assessment of outer retinal biomarkers
such as drusen, pigmentary abnormalities, atrophy and
neovascularization.”” Visual functional changes in AMD
also occur and have been detected via a range of measures
such as visual acuity, reading speed, contrast sensitivity,
temporal function, visual adaptation (including dark ad-
aptation and photostress recovery), perimetry, colour vi-
sion and multifocal electroretinography.'®™" Furthermore,
functional biomarkers in early/iAMD have been linked to
structural alterations, disease severity and risk of progres-
sion,"”'® and may even precede clinically-detectable struc-
tural impairment in AMD." Yet, very few functional tests
are routinely performed in the clinic for AMD patients.

Current standardized clinical functional testing of AMD,
i.e., visual acuity, contrast sensitivity and the Amsler grid,
provide brief and/or imprecise glimpses of patients’ visual
functional status with little to no spatial discrimination.
These measures also do not consider the pathophysio-
logical underpinnings of AMD. For example, visual acuity
typically presents information solely about foveal, high-
contrast acuity despite the fact that AMD is not exclusively
a foveal disease nor do the early stages of AMD confer any
significant visual acuity loss.® Meanwhile, contrast sensi-
tivity and the Amsler grid demonstrate poor sensitivity
and/or repeatability with regards to the detection of func-
tional change in early/iAMD."®*'

Static automated perimetry as it is currently used in
clinic®®*? has effectively fortified clinical diagnoses and
monitoring of spatial visual function in ocular diseases
such as glaucoma and other optic neuropathies.?* Visual
functional impairment also occurs in early/iAMD,W allud-
ing to a potential role for routine automated perimetry
in these patients. However, there is a lack of synthesis ex-
ploring the role of clinical automated perimetry for the as-
sessment of early/iAMD. Recently, there are rising research
interests in studying macular disease via microperimetry,
which is based upon the same psychophysical principles
but mostly under low-photopic/mesopic or scotopic con-
ditions.?’ First, there is need for a quantified, systematic

Key points

- Significant statistical reduction of global visual
field indices is present but not clinically mean-
ingful for routine, standard lighting (photopic)
functional assessment of early/intermediate
age-related macular degeneration.

« There is a distinct lack of studies translating
visual field indices to real-world patient out-
comes in early/intermediate age-related macu-
lar degeneration.

« Further studies examining visual field indices
under non-standard (mesopic and scotopic)
lighting conditions are required to determine
suitability of visual fields for routine assess-
ment of early/intermediate age-related macular
degeneration.

review investigating whether automated perimetry in its
current clinical form may vyield clinically meaningful data
in early/iAMD.

The key recommendation for inclusion of a clinical test is
proof that the test improves patient outcomes.*®® Hence,
to investigate whether automated perimetry in its current
clinical form should be part of routine functional assess-
ment of early/iAMD, we asked, is there evidence of visual
field defects in early/iAMD, and if so, are early/iAMD visual
field defects linked to real-world patient outcomes?

METHODS

This systematic review adhered to the reporting guidelines
of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement?® and Rudnicka
etal®

Literature search strategy

Literature searches were developed a priori and performed
using the electronic databases PubMed, Web of Science
Core Collection and Embase (OVID), for all published jour-
nal articles from inception to 12 October 2020. This com-
bination of databases guaranteed adequate and efficient
coverage of the literature.®’ Searches were limited to
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publications in English using the search terms described in
Supplementary Table S1. Where available, relevant indexed
terms were selected and exploded. As Web of Science did
not have relevant indexed terms, keywords were searched
instead. All subheadings were included to ensure com-
prehensive search results. Searches through Imaging and
Perimetry Society articles were also performed. Conference
abstracts were not included due to their limited data.
Searches through reference lists of selected studies and
relevant review studies were also performed, although re-
view studies themselves were not eligible for inclusion.

Definition of clinical automated perimetry

In this review, clinical automated perimetry was defined
as a group of current clinical, systematised testing devices
that measure differential light sensitivities of the visual
system to stimuli of varying luminance at pre-determined
spaces in the visual field.*? The ‘clinical’ prefix as used
in this review refers to commercially accessible, non-
modified automated perimetry devices and protocols for
hardware and software that may be used in current ocu-
lar healthcare settings, as mentioned in two key clinical
guidelines: the European Glaucoma Society Terminology
and Guidelines for Glaucoma,?? and the Assessment of
Visual Function in Glaucoma by the American Academy
of Ophthalmology.”> These included standard (white-
on-white) automated perimetry, flicker perimetry and
frequency-doubling technology, each of which is de-
fined below. Different lighting conditions were included
in this review if part of commercially accessible and non-
modified automated perimetry devices and protocols for
hardware and software. Specifically, background lumi-
nance of 10 cd/m? was considered photopic, 3.2 cd/m?
was considered low-photopic,®*?* and 0 cd/m? was con-
sidered scotopic. Studies that did not specify lighting con-
ditions were presumed to operate at the device/protocol's
default settings. Short-wavelength automated perimetry
(SWAP) was excluded as its clinical use is actively recom-
mended against in the more recent guideline, due to no
evidence of ‘better performance’ compared to other vis-
ual field protocols.?? Discontinued automated perimetry
such as high-pass resolution perimetry or the Friedmann
Visual Field Analyser were excluded. Microperimetry (also
known as fundus perimetry or SLO-guided perimetry) was
excluded as this has not yet been incorporated into clini-
cal guidelines.?**

Standard automated perimetry (SAP; white-on-
white protocol)

White-on-white SAP is currently the clinical gold standard
in automated perimetry, quantifying observers’ perception
of static, varying contrasted achromatic stimuli (typically

Goldmann size lll, Glll) on a white background of constant
luminance, primarily under photopic conditions.?*3>3¢

Current SAP devices include the Humphrey Field
Analyser (Carl Zeiss Meditec, zeiss.com), Medmont auto-
mated perimeter (Medmont, medmont.com.au), Octopus
static automated perimeter (Haag Streit, haag-streit.com)
and the Henson perimeter (Topcon, topconhealthcare.
com).

Flicker perimetry

Flicker perimetry is a variant protocol of SAP, presenting
flickering stimuli instead of static stimuli. The relatively
large, motion-based stimuli of flicker perimetry were
originally thought to selectively target the magnocellular
sub-cortical visual pathway,>*® which may be more sus-
ceptible to impairment due to the lesser population of
corresponding retinal neurons.>>*° However, stimulation
of the magnocellular pathway has also been observed in
SAP# Therefore, differences between flicker perimetry
and SAP output cannot be due exclusively to stimuli mo-
tion, and may instead be due to varying stimulus size and
contrast range.‘”'43

Current flicker perimetry devices include the Medmont
automated perimeter (Medmont, medmont.com.au) and
the Octopus static automated perimeter (Haag Streit,
haag-streit.com). ‘Flicker protocols’ vary depending on
the manufacturered device. The Medmont automated
perimeter measures contrast thresholds for a set of tem-
poral frequencies, also known as contrast modulation
perimetry (note that temporal frequency varies with
eccentricity when using the ‘autoflicker’ protocol). The
Octopus measures the maximum flicker rate at which
the observer can distinguish flicker from a uniform state,
i.e., the critical flicker frequency threshold.> There is
limited evidence comparing the performance of ‘flicker
protocols’ in relation to each other, and in comparison to
SAP.44_49

Frequency-doubling technology (FDT)

Frequency-doubling technology is an alternate, discrete
modality of automated perimetry that presents relatively
large, achromatic, ‘pseudo-flicker’ stimuli. The illusion of
doubled-frequency flickering stimuli is created from high
temporal frequency counterphase modulation of low spa-
tial frequency sinusoidal gratings. The perceptual mecha-
nisms behind FDT are similar to flicker perimetry,?%4041201
Studies of FDT compared to SAP have revealed some com-
parability in results.>"°

Current FDT devices include the first-generation
Humphrey FDT (Welch Allyn, welchallyn.com) and the
second-generation Humphrey Matrix (Carl Zeiss Meditec,
zeiss.com).
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Selection of studies

Inclusion criteria for this review were studies that used
clinical automated perimetry as defined above, for the
study of treatment-naive, early and/or iAMD eyes.”' Studies
which used alternate classifications of AMD such as ‘age-
related maculopathy’ were included if the majority (>50%)
of their AMD group were commensurate with the Beckman
Initiative classification of early and/or iAMD.®' AMD groups
that included eyes with any late AMD signs such as neo-
vascularisation and/or geographic atrophy were excluded.
There were no restrictions with regards to demographic
characteristics of the study groups. Studies that used par-
ticipants with AMD under 55 years of age®' were still in-
cluded (as has been done in other notable studies),®>®
provided that all AMD phenotypic criteria in the Beckman
Initiative classification were met.

Exclusion criteria were studies that used non-clinical au-
tomated perimetry. Automated perimetry, which was lim-
ited to screening/suprathreshold testing protocols, were
also excluded. Studies without any relevant comparative
group (such as control, baseline, AMD severity or pheno-
type) were excluded.

Initial search results were exported via Comma
Separated Values files into Microsoft Excel version 2107
(Microsoft, microsoft.com) and assessed by two authors
(MT and LNS) independently. Duplicate studies between
database search results were manually removed and re-
maining studies were screened by title, abstract and then
full text. Eligible studies were then compared between MT
and LNS, with disagreements resolved by discussion and
consensus.

Quality assessment

Quality assessment of included studies was performed by
MT and LNS, and adapted from the Users’ Guides to the
Medical Literature.”®®® These tools were selected based
on their seminal articulation of evidence-based medicine®
and informative approach towards the critical appraisal of
studies against other quality assessment tools.®® Criteria
used for quality assessment is shown in Supplementary
Table S2. Data extracted for quality assessment and de-
scription of study characteristics included:

« authors, publication year and study type (indicative of
patient selection method);

« study location and funding and conflict of interest
statements;

o AMD classification scheme used and sample sizes (and
whether age was controlled or adjusted for between
groups, indicative of comparability of study groups);

« testing conditions such as testing protocol/device, ra-
dius/area, threshold strategy, stimulus size and back-
ground luminance;

e relevant outcomes to this (with

review reported

statistical significance; and whether longitudinal and/or
dose-response relationships were analysed).

Risk of bias

Risk of bias assessment was performed by MT and LNS,
and graded as high, low or unclear risk according to the
domains: (1) patient selection and (2) comparability of
study groups. Sponsorship bias (i.e., funding and conflict
of interest statements) was not added to the risk of bias as-
sessment as it is not officially recognised as a risk of bias
domain.®7°

These domains were adapted from the QUADAS-2: A
Revised Tool for the Quality Assessment of Diagnostic
Accuracy Studies’' and the Newcastle-Ottawa Scale for
Assessing the Quality of Nonrandomised Studies in Meta-
analyses’? to guide risk of bias assessment among observa-
tional studies. Criteria used for risk of bias assessment are
shown in Supplementary Table S3. High risk of bias in each
domain was defined as a 'no’ in any signalling question.
Low risk of bias in each domain was defined as a ‘yes’ in
all signalling questions. Unclear risk of bias in each domain
was defined when there was insufficient study data to de-
termine a clear ‘yes’ or ‘no’ to any signalling question.

Outcomes

The primary outcome was global visual field indices includ-
ing mean deviation (MD), pattern standard deviation (PSD),
mean sensitivity (MS) and frequency of defects in early
and/or iIAMD eyes compared to normal eyes. Global visual
field indices were reported separately for identical light-
ing conditions where available. Specifically, MD describes
average deviation from age-corrected reference sensitivi-
ties, PSD describes departure from the normal hill-of-vision
based on MD and age-corrected reference sensitivities and
MS describes average sensitivity. Definitions were based
on the Imaging and Perimetry Society Guidelines with re-
spect to the Humphrey Field Analyser formulae due to the
device's extensive usage in the literature for this review.*
Similar global visual field indices to the above with alter-
nate terminology, but equivalent definitions, were com-
bined for analysis. Similar global visual field indices to the
above with non-equivalent definitions, e.g., mean defect,
pattern defect, local spatial variation, etc., were reported
individually and definitions may be seen in the respec-
tive studies and/or the Imaging and Perimetry Society
Guidelines,*? with comparisons observed elsewhere.”®
Where available, visual field outcomes were also ex-
plored in relation to a dose-response gradient (if there
were global visual field indices change with increasing
AMD severity), and longitudinally. Significant outcomes
in the context of a dose-response and longitudinal rela-
tionship are thought to enhance confidence in a putative
cause-effect relationship.”*” The secondary outcome was
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any real-world patient outcome including quality of life
and/or activities of daily living indices, related to the pri-
mary outcome.

Studies which had relevant outcome(s), regardless of
whether it was part of the study's primary outcome or not,
were included, e.g., data from treatment-naive (placebo)
early/iAMD eyes from randomised controlled trials were
included if relevant. All relevant outcomes in the published
study were reported, if available, with no additional con-
tact to the study authors. Unclear outcomes, e.g., unclear
statistical significance, were reported as such, while miss-
ing outcomes were considered unavailable.

Statistical analysis

Statistical meta-analyses were performed using the Review
Manager (RevMan) computer program version 5.4.1 (The
Cochrane Collaboration, revman.cochrane.org). Meta-
analysis was performed only where more than two stud-
ies with related data were available to ensure meaningful
results. Meta-analyses were grouped by testing protocol,
i.e., SAP, flicker perimetry, or FDT, and by identical light-
ing conditions to maintain validity in comparing results.
Study groups that did not control or adjust for ages be-
tween groups were excluded from meta-analyses. In stud-
ies where more than one relevant effect size was available,
e.g., control group data being compared twice to separate
early and iAMD classification group data, the latter groups
were pooled particularly to reduce bias associated with
duplicate study effects.”®”” For calculation of pooled ef-
fect sizes, study weighting was assigned according to
the inverse standard error, and random effects models
were used to provide more conservative estimates par-
ticularly among significant study heterogeneity.”® Pooled
effect sizes were described based on Cohen et al.”® ie.,
0.2 = small, 0.5 = medium, 0.8 = large. Data were repre-
sented as standard forest plots. Inter-study heterogeneity
were assessed using Tau?, Chi® and P whereby P from 0%-—
40% may not be important, 30%-60% may represent mod-
erate heterogeneity, 50%-90% may represent substantial
heterogeneity and 75%-100% may represent considerable
heterogeneity.®>®! In cases where meta-analysis resulted
in # > 50%, the individual study results were investigated.
In cases where meta-analysis was not possible, the indi-
vidual study results were investigated. Default statistical
significance was considered as p < 0.05.

RESULTS
Selection of studies

The electronic database searches yielded 2223 studies and
1740 unique studies, with 1683 studies excluded after being
screened by title/abstract and 33 studies excluded after
being assessed by full text (Figure 1). The primary reasons

for exclusion by full text are provided in Supplementary
Table S5. No additional studies were identified through
the Imaging and Perimetry Society articles. Two additional
studies were identified through reference lists of selected
studies or relevant review studies. Thus, a total of 26 unique
studies were eligible for inclusion. The number of eligible
studies per search query are provided in Supplementary
Table S1. Reviewers MT and LNS were in agreement for all
included and excluded studies, with three of the 26 final
included studies requiring brief discussion and resolution
as relevant data were not immediately obvious.

Quality assessment and study characteristics

Quality assessment details and study characteristics for the
26 included studies can be seen in Supplementary Table S4.
All studies were observational studies, with the majority
being case-control studies (n = 19/26),°4982% £5]lowed by
cohort studies (n = 5/26),*4°°71%2 and cross-sectional stud-
ies (comparison between groups that did notinvolve a con-
trol or baseline group, but instead defined groups by AMD
severity or phenotype; (n = 2/26).19319% Faher et al!%? had
their study type re-classified from a randomised controlled
trial to a cohort design, as for the purposes of this review,
only longitudinal data from the treatment-naive (placebo)
early/iAMD eyes were extracted.

Studies were conducted in Australia (n = 11/26),
15,48,49,83,84,87-89,97,100,101 USA (n — 6/26),85'94'95'98'99'1 03 Italy,
(n = 3/26),°%%% China®® Hungary,102 India,'"®* Korea,”'
Sweden”® and the UK®? (n = 1/26 for each remaining coun-

try). The majority of studies included funding source(s) (n
— -I9/26)15,48,49,82,84,85,87,88,90,92—95,97—100,103,104 and conflict Of

15,48,49,82,85,88,91,93,94,95,97-100,104
48,49,88,100

interest statements (n = 15/26),
provided in Supplementary Table S6. Four studies
had funding or conflict of interest associated with clinical au-
tomated perimetry.

Over one-third of included studies used an uncom-
mon or outdated classification scheme for AMD such
as ‘age-related maculopathy’ (n = 9/26),83:84:86.87,90-93,103
which was expected as all but one® of these studies
were published prior to the Beckman Initiative classifica-
tion.’" The remainder used the Age-Related Eye Disease
Study classification'® (AREDS; n = 9/26)88994-97.99101.104.
the International Classification and Grading System'®®
(ICGS; n = 5/26)1>4849100102. tha Backman Initiative classi-
fication®' (n = 2/26)%°8 and the Rotterdam study classifi-
cation'” (n = 1/26).%2 Study sample sizes varied from four
to 827 eyes with early and/or iAMD and four to 1007 nor-
mal eyes. Age as a significant co-variable affecting global
visual field indices were controlled or adjusted for in
23/26 Studiesj5,48,49,82—85,87,88—101,103

Testing conditions, i.e., visual field testing device/
protocol, radius, threshold strategy, stimulus size, back-
ground luminance, etc. also varied across all studies. The
most commonly used testing device was the Humphrey
Fleld Analyser (n — —I9/26)’82,84,85,87—95,97,98,99,101—104
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Studies identified through databases

¢ MEDLINE (n =1040) Studies identified through
*\WoS (n=950) reference lists
o EMBASE (n=233) (n=2)

!

(n = 1740)

Unique studies after duplicates removed

A4

Studies screened by title/abstract L, Studies excluded
(n = 1740) (n = 1683)
Studies assessed by full text ) Studies excluded,
(n=57) with primary reason
¢ (n=33)
Studies included in qualitative synthesis | Y
(n=26) i

!

[ Included ] [ Eligibility J [ Screening ] [ Identification ]

Studies included in quantitative synthesis (meta-analyses)
eMD in early/iAMD using SAP under photopic conditions
oMS in early/iAMD using SAP under photopic conditions

(n=3)
(n=8)

FIGURE 1
intermediate age-related macular degeneration; MD, mean deviation; MS, mean sensitivity; SAP, standard automated perimetry; WoS, Web of Science
Core Collection

followed by the Medmont automated perimeter (n =
5/26),1>48:4983100 4o Octopus static automated perim-
eter (n = 2/26)%°® and the first-generation Humphrey
FDT (n = 1/26).8 Testing protocols included: SAP under
photopic conditions (10 cd/m?; n = 21/26)%8284-99,101-104.
SAP under low-photopic conditions (3.2 cd/m?%
n = 3/26)*%4%83. SAP under scotopic conditions (0 cd/m?%;
n = 1/26)%; flicker perimetry under low-photopic condi-
tions (3.2 cd/m?; n = 5/26)'>*84983100 34 FDT under phot-
opic conditions (100 cd/m?%: n = 1/26).8 Some studies
used more than one test device/protocol. Additional
testing conditions were included if mentioned: inclusion
of practice exam; prior perimetry experience; pupil sta-
tus; background lighting adaptation; spatial area anal-
ysed (if different to the testing radius); study groups (if
sub-divided beyond early and/or iAMD and normal eyes)
and follow-up time. Further details of testing conditions
are seen in Supplementary Table S4.

All studies measured outcomes in the same way be-
tween the groups being compared. In the five cohort stud-
ies,*8997192 fo]low-up times ranged from one to three years
and was not sufficiently long considering the protracted
natural history of AMD.'”® Eight studies*®82879293,97103.104
explored a potential dose-response gradient.

Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram?® for the selection of studies. iAMD,

Risk of bias

Risk of bias assessment for the 26 included studies can
be seen in Supplementary Table S7. Regarding patient
selection, almost all studies (n = 25/26)'>484982-101,103,104
had a high risk of bias while one study'®® had a low
risk of bias. Regarding comparability of study groups,
few studies (n = 4/26)894192104 had 3 high risk of bias
Whlle most studies (n — 22/26)15,48,49,82—85,87—93,95—101,103
had a low risk of bias. No studies had unclear risk of
bias. All studies had at least one domain with a high
risk of bias.

Primary outcome - global visual field indices

Decreased mean deviation (MD) in early/
intermediate age-related macular degeneration
(IAMD) versus normal eyes

Photopic conditions

Three studies [#ID 1, 13, 26]3%°"%7 reported MD of early/
iAMD eyes in comparison to normal eyes using SAP
under photopic conditions (Supplementary Table $4).
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These studies all controlled or adjusted for age between
groups. The studies however used different sample sizes
(20-76 early/iAMD eyes and 22-100 normal eyes), differ-
ent classifications of early/iAMD and different testing
conditions, potentially contributing to heterogeneous
outcomes.

Data from the three studies [#ID 1, 13, 2613°"°7 were
collated for meta-analysis, including assessment of het-
erogeneity to determine if the above study design dif-
ferences may have significantly varied the study results
(Figure 2). The combined sample size was 162 early/iAMD
eyes and 198 normal eyes. The total MD mean difference
between early/iAMD and normal eyes was —1.52dB [95%
Cl —2.27, —0.78 dB], i.e., worsened, with a large and sig-
nificant effect size (Z = 4, p < 0.0001). The estimates may
have represented moderate-to-substantial heterogene-
ity not reaching statistical significance (I’ = 60%, Chi?
p = 0.08). As I was >50%, individual study results were
further investigated. There were two notable differences
between the three studies [#ID 1, 13, 261.82°"%7 First, dif-
ferent classifications of early/iAMD were used including
the Rotterdam study,107 ‘dry AMD’®" and AREDS classifi-
cations respectively, with a further sub-group defined
as the ‘better eye’ and ‘worse eye’ in Wood et al.[#ID
26].”” Second, each study also used varying visual field
testing protocols including radii of 10°, 30° and 24-2,
respectively. These differences likely contributed to the
moderate-to-substantial heterogeneity of meta-analysis
results, although all three studies commonly reported
statistically significant decreased MD in early/iAMD
(ranging from —0.8dB [-1.6, 0 dB] to —2.23dB [-3.37,
—1.09 dB]).

Low-photopic conditions

Phipps et al. [#ID 22]*° reported a similar index ‘mean
defect’” mean difference using SAP (Medmont auto-
mated perimeter, 10° radius) and flicker perimetry (10°
radius) under low-photopic conditions. Twenty-five
AMD eyes (modified ICGS classification)'®® were com-
pared to 34 normal eyes with age accounted for. Mean
defect was increased (worsened) in AMD eyes using
both SAP (mean + SD, 1.8 £+ 0.6 dB) and flicker perimetry
(4.3 = 0.6 dB). No studies explored MD (or equivalent)
under scotopic conditions.

Increased pattern standard deviation (PSD)
in early/intermediate age-related macular
degeneration (iIAMD) versus normal eyes

Photopic conditions

Two studies [#ID 1, 13182 reported PSD of early/iAMD
eyes in comparison to normal eyes using SAP under pho-
topic conditions (Supplementary Table S4). These studies
had differing sample sizes (20 and 76 early/iAMD eyes, 22
and 76 normal eyes, respectively) and both controlled or
adjusted for age between groups. Classification of early/
iAMD used the Rotterdam study'®” and ‘dry AMD”' clas-
sifications, respectively. Both studies also used differing
testing radii of 10° and 30°, respectively. These differences
likely contributed to the dissimilar results, whereby Acton
et al. [#1D 11¥? showed no significant difference and Lee
et al. [#ID 13]°' showed significantly increased (worsened)
PSD (2.38dB [2.16, 2.6 dB]) in their respective comparisons
of early/iAMD to normal eyes.

Low-photopic conditions

Phipps et al. [#ID 22]*° reported a similar index ‘pattern
defect’ mean difference using SAP (Medmont automated
perimeter, 10° radius) and flicker perimetry (10° radius)
under low-photopic conditions. Comparing 25 AMD eyes
(modified ICGS classification)'°® to 34 normal eyes with age
accounted for, resulted in increased (worsened) pattern
defect using both SAP (5.2 + 0.4 dB) and flicker perimetry
(7.6 + 0.5) excluding non-zero values. No studies explored
PSD (or equivalent) under scotopic conditions.

Decreased mean sensitivity (MS) in early/
intermediate age-related macular degeneration
(IAMD) versus normal eyes

Photopic conditions

Fourteen studies [#ID 1, 2, 5-7, 9-11, 13, 16-19,
24]328486-9598101 yapyorted MS of early/iAMD eyes in com-
parison to normal eyes using SAP under photopic con-
ditions (Supplementary Table S4). Varying sample sizes
(11-253 early/iAMD eyes and 8-1007 normal eyes), clas-
sifications of early/iAMD, and different testing conditions
potentially contributed to heterogeneous outcomes. Chen

Early/iAMD Normal Mean Difference Mean Difference
Study or Subgroup  Mean [dB] SD [dB] Total Mean [dB] SD [dB] Total Weight IV, Random, 95% CI Year 1V, Random, 95% CI
Acton et al.” -0.22 1.56 20 0.58 0.98 22 34.3% -0.80 [-1.60, -0.00] 2012 — &
Leeetal.” -2.65 194 76 -0.94 178 76 415%  -1.71[-2.30,-1.12] 2015 —&—
Wood et al.”” -1.5 4.61 66 0.73 1.38 100 24.2% -2.23[-3.37,-1.09] 2018 —
Total (95% CI) 162 198 100.0%  -1.52 [-2.27, -0.78] e
Heterogeneity: Tau? = 0.26; Chi2 = 5.01, df = 2 (P = 0.08); I> = 60% F " 2 5 2 41

Test for overall effect: Z = 4.00 (P < 0.0001)

FIGURE 2

-MD (dB) + MD (dB)

Forest plot of mean deviation (MD) mean differences between early/intermediate age-related macular degeneration (;AMD) and

normal eyes using standard automated perimetry (SAP) under photopic conditions. Negative values indicate worsened mean deviation (MD) in early/

intermediate age-related macular degeneration (iIAMD) versus normal eyes
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et al. [#ID 5]% did not control or adjust for age between
groups and was subsequently excluded from meta-analysis.
Neely et al. [#ID 18]°* was also excluded from meta-analysis,
as although age was adjusted for between eyes with sub-
retinal drusenoid deposits (SDDs) versus without SDDs, age
was not controlled or adjusted for between AMD and nor-
mal eyes. Owsley et al. [#ID 19]°> was excluded from meta-
analysis as their control group was AREDS stage 1 eyes,
which overlaps with AMD classification in other studies. A
further three studies [#ID 2, 7, 1113*88°% were excluded from
meta-analysis as data were not available to calculate MS
mean differences between early/iAMD and normal eyes.

The eight remaining studies [#ID 1, 6, 9, 10, 13, 16, 17,
24]82878991-9398101 \yare collated for meta-analysis includ-
ing assessment of heterogeneity (Figure 3). The iAMD (but
not early AMD) group from Sevilla et al. [#ID 241°® were
older than comparative groups and hence excluded from
meta-analysis. The combined sample size was 234 early/
iIAMD eyes and 221 normal eyes. The total MS mean differ-
ence was —1.47dB [-2, —0.94 dB], i.e., worsened, with a large
and significant effect size (Z = 5.48, p < 0.00001). The esti-
mates may have represented moderate to substantial het-
erogeneity and this was borderline statistically significant
(# = 55%, Chi* p = 0.03). As I* was =50%, individual study
results were further investigated. Notable differences be-
tween the eight studies included different classifications
of early/iAMD in almost every study and different testing
radii and spatial areas analysed, likely contributing to the
moderate-to-substantial heterogeneity. While all studies
commonly reported decreased MS in early/iAMD (ranging
from —0.5dB [-1.56, 0.56 dB] to —2.73dB [-4.62, —0.84 dB]),
only three studies [#ID 13, 16, 177193 reported statistically
significant results.

Low-photopic and scotopic

Luu et al. [#ID 15]*® reported decreased MS which varied by
AMD sub-group, using SAP (Medmont automated perim-
eter, 10° radius) under low-photopic conditions. The study
compared 266 eyes with ‘early AMD’ (ICGS classification)'®®
vs. 24 normal eyes and accounted for age. Three studies
#ID 12, 14, 15]™*19 3|50 reported decreased MS using

flicker perimetry (common 10° radius) under low-photopic
conditions. These studies had varying sample sizes (15-266
early/iAMD eyes, 14 or 24 normal eyes), although ages were
accounted for and AMD eyes were commonly defined by
the ICGS classification.'” Decreased MS were similar for
the former two studies [#ID 12, 14]"'%° (—3.28dB [-3.82,
—2.74 dB] and —4.09dB [-6.09, —2.09 dB], respectively),
while the latter study [#ID 15]*® reported varying results by
AMD sub-group.

Chen et al. [#ID 5]% reported decreased MS (—2.73dB
[-10.48, 5.02 dB]) using SAP (Octopus static automated
perimeter, 25° radius and GV stimulus) under scotopic
conditions using a Wratten blue filter (commercially avail-
able). Twenty-four eyes with ‘dry-form age-related macular
degeneration’ were compared against normal eyes albeit
without accounting for age differences.

Frequency of defects in early/intermediate
age-related macular degeneration (iIAMD)
versus normal eyes

Photopic conditions

Two studies [#ID 1, 3]**®° reported frequency of defects
of early/iAMD eyes in comparison to normal eyes using
SAP under photopic conditions (Supplementary Table S4).
Sample sizes were slightly different (20 and 59 early/iAMD
eyes, 22 and 15 normal eyes, respectively), both controlled
or adjusted for age between groups, and testing condi-
tions (10° radius) were similar. Both studies reported no sig-
nificant mean difference in the frequency of defects.

Low-photopic conditions

Phipps et al. [#ID 22]* reported significantly increased
frequency of defects in early/iAMD eyes in comparison to
normal eyes using SAP (Medmont automated perimeter,
10° radius) and flicker perimetry (10° radius) under low-
photopic conditions. Twenty-five AMD eyes (modified
ICGS classification)'®® were compared to 34 normal eyes
with age accounted for. No studies explored frequency of
defects under scotopic conditions.

Early/iAMD Normal Mean Difference Mean Difference
Study or Subgroup  Mean [dB] SD [dB] Total Mean [dB] SD [dB] Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
Acton et al.* 31.91 1.51 20 32.59 1.13 22 15.6% -0.68 [-1.49, 0.13] =
Cheng et al.*” 26.85 1.77 11 29.58 2.27 8 5.9% -2.73 [-4.62, -0.84]
Feigl et al.*® 29 1.8 17 30 25 20 9.1% -1.00 [-2.39, 0.39] - *= [
Feigl et al.” 28 2 13 29 3 13 5.6% -1.00 [-2.96, 0.96] —
Lee etal.” 28.59 2.23 76 30.73 1.75 76  18.3% -2.14[-2.78, -1.50] -
Midena et al.” 29.06 172 35 31.08 081 16 174%  -2.02[-2.71,-1.33] —
Midena et al.”® 29.5 2.7 47 31.1 0.8 36 156%  -1.60[-2.41,-0.79] —_—
Sevilla et al.*® 31.3 1.3 15 31.8 23119 30 12.4% -0.50 [-1.56, 0.56] — ==
Total (95% ClI) 234 221 100.0%  -1.47 [-2.00, -0.94] <o

Heterogeneity: Tau? = 0.29; Chi? = 15.65, df =7 (P = 0.03); I = 55%
Test for overall effect: Z = 5.48 (P < 0.00001)

FIGURE 3

,
4 2 0 2 4
-MS (dB) + MS (dB)

Forest plot of mean sensitivity (MS) mean differences between early/intermediate age-related macular degeneration (iAMD) and

normal eyes using standard automated perimetry (SAP) under photopic conditions. Negative values indicate worsened MS in early/iAMD versus

normal eyes
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Dose-response gradient of visual field indices
in early/intermediate age-related macular
degeneration (IAMD) eyes

Several studies explored a potential dose-response gradi-
ent of visual field indices in early/iAMD eyes, i.e., whether
indices worsened with increasing AMD severity. For MD
(or equivalent), two studies [#ID 1, 2618297 using SAP under
photopic conditions revealed no significant MD mean dif-
ferences between different AMD stages, or between the
‘worse eye’ and ‘better eye’ of early/iAMD eyes, respec-
tively. The former study compared 20 AMD eyes (Rotterdam
study classification)'® with 22 normal eyes using a 10°
radius protocol, while the latter compared 66 AMD eyes
(AREDS classification)' with 100 normal eyes using a 24-2
protocol. Both studies accounted for age between groups.
No studies explored a dose-response gradient of MD (or
equivalent) using low-photopic or scotopic conditions.

For PSD (or equivalent), Acton et al. [#ID 1182 using SAP
under photopic conditions found no significant PSD mean
differences between different AMD stages. Study charac-
teristics were as described above. No studies explored a
dose-response gradient of PSD (or equivalent) using low-
photopic or scotopic conditions.

For MS, four studies [#ID 1, 6, 16, 17182879293 using
SAP under photopic conditions reported varying dose-
response relationships. The four studies had similar sample
sizes (20 to 47 early/iAMD, 8 to 36 normal eyes) and testing
protocol (common 10° radius). However, meta-analysis was
not feasible due to the varying classifications of AMD, i.e.,
Rotterdam study,107 ‘PARM’ and ‘early ARM’ ¥ ‘macular dru-
sen’” and ‘early AMD’ >3 respectively. Three studies [#ID 1,
6, 1718287 revealed no significant differences in MS while
Midena et al. [#ID 16]°* observed borderline decreased MS
with increased AMD severity (‘soft drusen’ versus ‘no soft
drusen’ and ‘drusen size =63 um’ vs. <63 um). Luu et al. [#ID
1518 using SAP (Medmont automated perimetry, 10° ra-
dius) and flicker perimetry (10° radius) under low-photopic
conditions described varying dose-response relation-
ships as well. The sample size was 266 early/iAMD (ICGS
classification)'®® and 24 normal eyes with age accounted
for. Generally, there was significantly decreased MS with
increased AMD severity, varying by the nine AMD sub-
groups. No studies explored a dose-response gradient of
MS using scotopic conditions.

For frequency of defects, three studies [#ID 1, 4,
25182193194 ysing SAP under photopic conditions reported
relatively different dose-response relationships. Sample
sizes varied (20 to 98 early/iAMD eyes, 22 normal eyes),
AMD classifications varied (Rotterdam study,107 AREDS,'®
and ‘dry AMD’, respectively) and testing protocol varied
(10°% 10°radius, and 4° x 6° area, respectively). Meta-analysis
was not feasible due to the varying classifications of AMD
and insufficient outcome data. Two of the studies [#ID 1,
2518%'% found no significant dose-response relationship,
whereas Acton et al. [#ID 1% considered AMD staging
and Tolentino et al. [#ID 24]'® considered drusen area as

measures of AMD severity. Alternatively, Bharathi et al. [#ID
4] found a negative relationship between the frequency
of defects and early/iAMD severity although with unclear
significance, and Tolentino et al. [#ID 25]' found a positive
relationship when considering RPE atrophy area as a mea-
sure of AMD severity. No studies explored a dose-response
gradient of frequency of defects using low-photopic or
scotopic conditions.

Longitudinal global visual field indices in early/
intermediate age-related macular degeneration
(IAMD,) eyes

Few studies explored longitudinal changes in visual field
indices in early/iAMD eyes. There were no studies that
reported MD (or equivalent), PSD (or equivalent) or fre-
quency of defects over time. For MS, there were two stud-
ies [#ID 8, 10]'°""'%? using SAP under photopic conditions
with different sample sizes (110 and 13 early/iAMD eyes, re-
spectively) and AMD classifications (ICGS'™® and modified
AREDS,'® respectively), but identical testing protocol (10°
radius) and follow-up time (one year). Both studies found
no significant MS change over time. Owsley et al. [#ID 20]°°
also used SAP under photopic conditions although re-
ported a different MS outcome, i.e., baseline MS and AMD
incidence over three years follow-up, and found no asso-
ciation. One study [#ID 15]*® assessed MS using SAP under
low-photopic conditions and two studies [#ID 14, 15]*%'%°
assessed MS using flicker perimetry under low-photopic
conditions. Most aspects of study designs were identi-
cal between study #14'°° and #15* (AMD ICGS classifica-
tion,'° 10° Medmont automated perimeter), except early/
iAMD sample size (39 and 266 respectively) and follow-up
time (two and one year, respectively). There was no signifi-
cant MS change over time, except in one AMD sub-group
where study #14'°° presented a greater rate of decreased
MS in ‘eyes that developed geographic atrophy’ compared
to normal eyes. No studies explored longitudinal changes
in MS using scotopic conditions.

Secondary outcome - real-world
patient outcomes

Only one study reported any real-world patient outcome
in relation to the primary outcome. Wood et al. [#ID 26]%
investigated participants with early/iAMD using outcomes
of SAP 24-2 under photopic conditions against on-road
driving performance assessed by an occupational thera-
pist. Measured outcomes for SAP included MD of the better
and worse eye and 10° radius integrated visual fields (com-
bined monocular visual fields including the more sensitive
point-wise data). Measured outcome for on-road driving
performance was an overall driver safety rating. There
were no significant association of SAP outcomes compared
to overall driver safety rating. Other outcomes for SAP
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(e.g., Binocular Esterman score) and on-road driving per-
formance (e.g., driving behaviours) were also assessed, al-
though it is unclear whether these outcomes were directly
compared.

DISCUSSION

This is the first systematic review including meta-analyses
to explore the evidence regarding potential use of clinical
automated perimetry in routine assessment of patients
with early or iAMD. There was consistent evidence of sig-
nificant visual field defects in early/iAMD compared to
normal eyes under photopic, low-photopic and scotopic
conditions. However, meta-analyses demonstrated that
reductions in global visual field indices at least using SAP
under photopic conditions were not clinically meaning-
ful, while there was insufficient data to draw conclusions
regarding other clinical automated perimetry protocols.
There was also a dearth of evidence translating early/iAMD
visual field outcomes to real-world patient findings, high-
lighting the need for more studies in this area. Thus, SAP
under photopic conditions is unlikely to be useful for rou-
tine assessment of early/iAMD.

Standard automated perimetry (SAP) under
photopic conditions is inadequate for routine
clinical assessment of age-related macular
degeneration (AMD)

In this review, we provide the first meta-analyses address-
ing whether global visual field indices measured using
clinical automated perimetry are impacted in early/iAMD.
MD, PSD and MS were consistently worse in early/iAMD
compared to normal eyes across the different visual field
testing protocol and lighting conditions, despite possible
moderate to substantial heterogeneity between studies.
The summary outcomes of —1.52dB MD and -1.47dB MS
using SAP under photopic conditions in early/iAMD com-
pared to normal eyes, however, did not equate to a clini-
cally meaningful effect size’"""''* when considering the
magnitude of SAP test-retest variability in normal eyes up
to (one standard deviation) +2.5dB MD>®13114115116 54
+2dB MS. 3211817118 Ragarding PSD mean difference in
early/iAMD eyes compared to normals, studies using SAP
under photopic conditions reported mixed outcomes, and
PSD magnitudes were also small when considering test-
retest variability up to +1.5dB PSD.>®"3 114115116 oy results
demonstrate that the magnitude of global visual field indi-
ces in early/iAMD using SAP under photopic conditions do
not provide clinically meaningful results.

It has been well-recognised that the relationship be-
tween visual field sensitivity and background luminance is
represented by the threshold-versus-intensity (TVI) func-
tion.""”'? In diseases that primarily cause photoreceptor
impairment such as AMD,? the TVI function shifts ‘upwards

and rightwards’'?''?* Thus, there is a greater disparity in
increment threshold (and thus visual field sensitivity) be-
tween normal and photoreceptor-diseased eyes under
lower light conditions.'”''®* Empirically, studies have long
established psychophysical evidence for visual field testing
under lower light conditions in AMD eyes,'”"*? as previ-
ously modelled.*""3?

In this review, there were an inadequate number of
studies utilising flicker perimetry or FDT, and low-photopic
or scotopic lighting conditions to amalgamate into meta-
analyses. General results indicated worsened global visual
field indices in early/iIAMD eyes that underwent the testing
protocol, although no substantial conclusion(s) could be
drawn regarding their role for routine functional assess-
ment of early/iAMD. Conversely, there is increasing micro-
perimetry use (which operates under lower light conditions
than most SAP) for macular disease research. Studies using
microperimetry have ostensibly evinced greater magni-
tude of worsened global visual field indices in early/iAMD
eyes' >3 compared to the results we describe under phot-
opic conditions. However, the lack of systematic evidence
addressing whether microperimetry may be useful for rou-
tine functional assessment of AMD in clinic warrants fur-
ther review.

Paucity of evidence denoting a cause-effect
relationship between early/intermediate age-
related macular degeneration (iAMD) and
visual field outcomes

Another consideration in establishing the potential use
of visual fields for routine assessment of early/iAMD is
whether there is an apparent cause-effect relationship. A
putative cause-effect relationship may be strengthened by
demonstration of a dose-response gradient and temporal
relationship."* That is, is there evidence that global visual
field indices in early/iAMD eyes worsen as a function of dis-
ease severity and time? For example, these relationships
are fundamental to the integration of visual field testing in
glaucoma clinical staging'* and monitoring.**'*

Overall, dose-response gradients from the studies in this
review formed equivocal results. MD, PSD and frequency
of defects in relation to AMD severity showed no dose-
response using SAP under photopic conditions. Meanwhile,
some studies revealed worsened MS with increased AMD
severity*®? while others did not®*%”% using SAP, likely due
to differing definitions of AMD severity and also differing
visual field testing conditions. Because of these highly vari-
able outcomes, further studies using standardised AMD
classification and results that are more transparent are
needed to ascertain whether there may be a dose-response
relationship that would help support the cause-effect rela-
tionship between visual field defects and AMD.

Evidenceforalongitudinal relationship between early/
iAMD and global visual field indices were also mostly
equivocal. MS did not change over follow-up periods up
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to two years using SAP under photopic or low-photopic
conditions, or flicker perimetry under low-photopic con-
ditions. Notably, however, Luu et al® using flicker pe-
rimetry under low-photopic conditions highlighted that
AMD ‘eyes that developed geographic atrophy’ (GA) had
a significantly faster rate of decreasing MS than normal
eyes. When considering only locations that developed
GA, rate of decreasing MS was faster than both normal
and ‘high-risk early AMD’ eyes (i.e., ‘early AMD’ eyes that
did not develop late AMD). These changes were not
found in AMD ‘eyes that developed neovascularisation”.
These data suggest a possible monitoring/prognostic
role for flicker perimetry in clinical settings, as AMD eyes
that have faster deteriorating MS may be indicative of
oncoming GA. At the time of Luu et al's'® publication,
structural biomarkers including incomplete retinal pig-
ment epithelial and outer retinal atrophy'*® which over-
laps with the definition of nascent GA''*® had not yet
been described. It is possible that the faster progressing
areas that Luu et al.'% described via flicker perimetry may
correlate to the aforementioned structural biomarkers.
Future study detailing structure-function correlations
in early/iAMD eyes would help clarify this uncertainty.
Overall, while a majority of longitudinal studies exhibited
no significant visual field changes in early/iAMD eyes, the
duration of follow-up was insufficient considering the
protracted natural history of AMD.'%° Longer duration co-
hort studies are needed to establish whether automated
perimetry may be useful for clinical monitoring of AMD.

Dearth of evidence translating early/intermediate
age-related macular degeneration (iIAMD) visual
field outcomes to real-world patient outcomes

Recent studies have demonstrated a linkage between
early/iIAMD and real-world patient outcomes.'*"*2
Correspondingly, there is growing interest in determining
which visual function tests (with or without structural tests)
may best reflect patients’ quality of life and daily living ac-
tivities. Surprisingly though, only one study met these eli-
gibility criteria in this review and addressed whether visual
field outcomes in early/iAMD linked to real-world patient
outcomes, and found no link between global visual field
indices and driving safety. During the literature search,
another study'> was identified which described links be-
tween global visual field indices and parts of the Turkish
National Eye Institute-Visual Function Questionnaire-25
describing various quality of life factors, e.g., near and dis-
tance activities, vision-specific social functioning and men-
tal health, etc. However, no relevant comparison group was
included and hence this study was excluded from our re-
sults. There is hence ample opportunity for future studies
to explore whether using automated perimetry in patients
with early/iAMD can effectively translate into patient out-
comes. Establishing this link is vital not just when consid-
ering if visual field testing can improve patient outcomes,

but also as patient compliance to clinician advice signifi-
cantly improves with better patient understanding of how
their disease may impact upon vision."”*'>

Future directions

Synthesis of the literature for this review uncovered a di-
verse quality and high risk of bias in all studies, making
critical appraisal challenging. To overcome this, we used a
highly recognised quality assessment®®*® and risk of bias
assessment guides,”"”? included meta-analysis where pos-
sible, and also provided comprehensive tables of relevant
data for transparency. Inclusion of our systematic review
into a formal register such as PROSPERO could have also
helped to mitigate repeated efforts and reporting bias,
and promoted transparency.>®

Analysis of observational studies also includes inher-
ent biases due to differences in inter-study designs and
populations which lack experimental randomisation.”” In
future, test accuracy can be improved by consecutive or
random enrolment of participants,”®'"*® which would be
more representative of populations the clinician would
encounter in routine clinical practice.27 Additionally, more
consistency in reporting would benefit future syntheses of
data. Consistently reported measures such as exact AMD
classification, visual field testing conditions, statistical sig-
nificance and inclusion of dose-response and temporal re-
lationships where possible would strengthen the putative
cause-effect relationship between early/iAMD and visual
field defects. More stringent reporting of funding and con-
flict of interest statements would also help ascertain the risk
of sponsorship bias.”%'%%1°"1%2 Admittedly, some reporting
uncertainties could have been clarified through contact of
the study authors and improved our review credibility.'®* It
is however unlikely that this would have made a significant
impact on our mostly negative findings and conclusions.

This review also highlighted that while current clini-
cal automated perimetry may reveal functional deficits
in early/iAMD, more sensitive functional testing than
SAP under photopic conditions is required to confer clin-
ical significance. Studies using low-photopic or scoto-
pic light conditions that we reviewed along with other
studies'*™' using microperimetry that operates under
borderline low-photopic/mesopic lighting conditions
(1.27 cd/m??**3** have demonstrated greater magnitude
of worsened global visual field indices in early/iAMD eyes
compared to the majority of our results, which represent
photopic conditions. This begets the question of whether
current clinical automated perimetry, which can already
operate at lower light conditions, could produce similar re-
sults to microperimetry.

Finally, sparingly discussed in the literature is the ad-
vantage of topographical, visual function description
provided via automated perimetry. From the 26 studies
included, only four[#ID 1, 5, 12, 15]1548:82,86 reported global
visual field indices with respect to eccentricity. These
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four studies commonly reported less decreased MD or
MS with increasing eccentricity using SAP and/or flicker
perimetry. This common topographical pattern of visual
field change may suggest structure-function linkage, as
drusen occur most commonly towards the central mac-
ula.!®*'® Considering the growing body of evidence high-
lighting the structure-function relationship in early/iAMD,
98,133,134,136,138,140,141,166-174 automated perimetry may still
have potential for clinical integration (albeit not using SAP
under photopic conditions) to fortify diagnoses and mon-
itoring of disease, akin to its role for glaucoma.””” There
may also be a use for automated perimetry as a functional
biomarker for pre- and post-treatment of late stage AMD.
However, demonstration of benefit to patient outcomes
in lower-risk early/intermediate, treatment-naive AMD pa-
tients is necessary before imposing more testing burden
on these individuals.

CONCLUSION

There was consistent evidence of significant visual field
defects in early/iAMD compared to normal eyes under
photopic, low-photopic and scotopic conditions. However,
meta-analyses results demonstrated that global visual
field index reductions at least using SAP under photopic
conditions were not clinically meaningful, while there was
insufficient data to draw conclusions regarding other clini-
cal automated perimetry protocols. Evidence regarding
translational relevance of visual field findings to patient
outcomes is lacking and should be considered. Thus, SAP
under photopic conditions is unlikely to be useful for the
routine assessment of early/iAMD.

ACKNOWLEDGEMENTS

This work was supported, in part, by research grants
from the Rebecca Cooper Foundation and the National
Health and Medical Research Council of Australia (NHMRC
grant #1174385) awarded to LNS. MT is supported by the
Australian Research Training Program scholarship. Guide
Dogs NSW/ACT provides support for the Centre for Eye
Health (the authors’ primary affiliation) and salary support
for MK. The authors thank Gordon Doig (Centre for Eye
Health, Sydney, Australia) for methodological advice.

CONFLICTS OF INTEREST

The authors report no conflicts of interest and have no pro-
prietary interest in any of the materials mentioned in this
article. The sources of funding were not involved in any as-
pects of study design or conduct.

AUTHOR CONTRIBUTION

Matt Trinh: Conceptualization (equal); Data cura-
tion (lead); Formal analysis (lead); Investigation (lead);
Methodology (lead); Validation (lead); Visualization
(lead); Writing-original draft (lead); Writing-review &

editing (lead). Michael Kalloniatis: Conceptualization
(equal); Funding acquisition (supporting); Project admin-
istration (supporting); Resources (supporting); Software
(supporting); Supervision (supporting); Visualization
(supporting); Writing-review & editing (supporting). Lisa
Nivison-Smith: Conceptualization (equal); Formal analy-
sis (supporting); Funding acquisition (lead); Methodology
(supporting); Project administration (lead); Resources
(lead); Software (lead); Supervision (lead); Validation (sup-
porting); Visualization (supporting); Writing-original draft
(supporting); Writing-review & editing (supporting).

ORCID
Matt Trinh (© https://orcid.org/0000-0002-6184-0666
Michael Kalloniatis ‘= https://orcid.

org/0000-0002-5264-4639
Lisa Nivison-Smith (= https://orcid.
org/0000-0001-6677-1949

REFERENCES

References 176-208 are cited in Supplementary

Information.

1. Wong WL, Su X, Li X, et al. Global prevalence of age-related mac-
ular degeneration and disease burden projection for 2020 and
2040: a systematic review and meta-analysis. Lancet Glob Health
2014;2:e106-e116.

2. Curcio CA, Medeiros NE, Millican CL. Photoreceptor loss in
age-related macular degeneration. Invest Ophthalmol Vis Sci
1996;37:1236-1249.

3. Johnson PT, Brown MN, Pulliam BC, Anderson DH, Johnson LV.
Synaptic pathology, altered gene expression, and degeneration
in photoreceptors impacted by drusen. Invest Ophthalmol Vis Sci
2005;46:4788-4795.

4. Shelley EJ, Madigan MC, Natoli R, Penfold PL, Provis JM. Cone de-
generation in aging and age-related macular degeneration. Arch
Ophthalmol 2009;127:483-492.

5. Pow DV, Sullivan RKP. Nuclear kinesis, neurite sprouting and ab-
normal axonal projections of cone photoreceptors in the aged and
AMD-afflicted human retina. Exp Eye Res 2007;84:850-857.

6. Dunaief JL, Dentchev T, Ying G-S, Milam AH. The role of apop-
tosis in age-related macular degeneration. Arch Ophthalmol
2002;120:1435-1442.

7. Xu GZ, Li WW, Tso MO. Apoptosis in human retinal degenerations.
Trans Am Ophthalmol Soc 1996;94:411-431.

8. Johnson PT, Lewis GP, Talaga KC, et al. Drusen-associated degenera-
tion in the retina. Invest Ophthalmol Vis Sci 2003;44:4481-4488.

9. Trinh M, Tong J, Yoshioka N, et al. Macula Ganglion cell thickness
changes display location-specific variation patterns in intermedi-
ate age-related macular degeneration. Invest Ophthalmol Vis Sci
2020;61:2. doi.org/10.1167/iovs.61.3.2

10. Gerth C, Hauser D, Delahunt PB, Morse LS, Werner JS. Assessment
of multifocal electroretinogram abnormalities and their relation
to morphologic characteristics in patients with large drusen. Arch
Ophthalmol 2003;121:1404-1414.

11. LiJ, Tso MO, Lam TT. Reduced amplitude and delayed latency in fo-
veal response of multifocal electroretinogram in early age related
macular degeneration. BrJ Ophthalmol 2001;85:287-290.

12. Huang S, Wu D, Jiang F, et al. The multifocal electroretinogram in
age-related maculopathies. Doc Ophthalmol 2000;101:115-124.

13. Gerth C. Cone-mediated multifocal electroretinogram in age-
related macular degeneration: progression over a long-term fol-
low-up. Arch Ophthalmol 2006;124:345-352.


https://orcid.org/0000-0002-6184-0666
https://orcid.org/0000-0002-6184-0666
https://orcid.org/0000-0002-5264-4639
https://orcid.org/0000-0002-5264-4639
https://orcid.org/0000-0002-5264-4639
https://orcid.org/0000-0001-6677-1949
https://orcid.org/0000-0001-6677-1949
https://orcid.org/0000-0001-6677-1949
https://doi.org/10.1167/iovs.61.3.2

TRINH €T AL.

THE COLLEGE OF

14.

15.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

ParisiV, Perillo L, Tedeschi M, etal. Macular function in eyes with early
age-related macular degeneration with or without contralateral
late age-related macular degeneration. Retina 2007;27:879-890.
Gin TJ, Luu CD, Guymer RH. Central retinal function as measured
by the multifocal electroretinogram and flicker perimetry in
early age-related macular degeneration. Invest Ophthalmol Vis Sci
2011;52:9267-9274.

. Wu Z, Ayton LN, Guymer RH, Luu CD. Comparison between multifo-

cal electroretinography and microperimetry in age-related macular
degeneration. Invest Ophthalmol Vis Sci 2014;55:6431-6439.

. Neelam K, Nolan J, Chakravarthy U, Beatty S. Psychophysical func-

tion in age-related maculopathy. Surv Ophthalmol 2009;54:167-210.

. Chandramohan A, Stinnett SS, Petrowski JT, et al. Visual function

measures in early and intermediate age-related macular degenera-
tion. Retina 2016;36:1021-1031.

Owsley C, McGwin G, Clark ME, et al. Delayed rod-mediated dark
adaptation is a functional biomarker for incident early age-related
macular degeneration. Ophthalmology 2016;123:344-351.

Klein R, Wang Q, Klein BE, Moss SE, Meuer SM. The relationship of
age-related maculopathy, cataract, and glaucoma to visual acuity.
Invest Ophthalmol Vis Sci 1995;36:182-191.

Crossland M, Rubin G. The Amsler chart: absence of evidence is not
evidence of absence. BrJ Ophthalmol 2007;91:391-393.

European Glaucoma Society. European Glaucoma Society
Terminology and Guidelines for Glaucoma, 5th edn. Savona, Italy:
PubliComm; 2020.

Jampel HD, Singh K, Lin SC, et al. Assessment of visual function in
glaucoma: a report by the American Academy of Ophthalmology.
Ophthalmology 2011;118:986-1002.

Phu J, Khuu SK, Yapp M, et al. The value of visual field testing in the
era of advanced imaging: clinical and psychophysical perspectives.
Clin Exp Optom 2017;100:313-332.

Pfau M, Jolly JK, Wu Z, et al. Fundus-controlled perimetry (microper-
imetry): application as outcome measure in clinical trials. Prog Retin
Eye Res 2020;3:100907. doi.org/10.1016/j.preteyeres.2020.100907
Schiinemann HJ, Mustafa RA, Brozek J, et al. GRADE guidelines:
22. The GRADE approach for tests and strategies-from test accu-
racy to patient-important outcomes and recommendations. J Clin
Epidemiol 2019;111:69-82.

Schiinemann HJ, Mustafa RA, Brozek J, et al. GRADE guidelines: 21
part 1. Study design, risk of bias, and indirectness in rating the cer-
tainty across a body of evidence for test accuracy. J Clin Epidemiol
2020;122:129-141.

Jaeschke R, Guyatt GH, Sackett DL. Users’ guides to the medical lit-
erature. Ill. How to use an article about a diagnostic test. B. What
are the results and will they help me in caring for my patients? The
Evidence-Based Medicine Working Group. JAMA 1994;271:703-707.
Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement.
BMJ 2009;339:b2535. doi.org/10.1136/bmj.b2535

Rudnicka AR, Owen CG. An introduction to systematic re-
views and meta-analyses in health care. Ophthalmic Physiol Opt
2012;32:174-183.

Bramer W, Rethlefsen M, Kleijnen J, Franco O. Optimal database
combinations for literature searches in systematic reviews: a pro-
spective exploratory study. Syst Rev 2017;6:245. doi.org/10.1186/
513643-017-0644-y

Sample PA, Dannheim F, Artes PH, et al. Imaging and Perimetry
Society standards and guidelines. Optom Vis Sci 2011;88:4-7.
Schiefer U, Patzold J, Dannheim F. Konventionelle Perimetrie - IPS
translation. Ophthalmol 2005;102:627-646.

Commision Internationale de LEclairage. Mesopic photometry:
history, special problems and practical solutions. Vienna: CIE; 1989.
Report No.: 081-1989.

Heijl A, Lindgren G, Olsson J. Normal variability of static perimet-
ric threshold values across the central visual field. Arch Ophthalmol
1987;105:1544-1549.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

54.

55.

56.

OPO' [

Bosworth CF, Sample PA, Johnson CA, Weinreb RN. Current practice with
standard automated perimetry. Semin Ophthalmol 2000;15:172-181.
Zhuang X, Pokorny J, Cao D. Flicker adaptation desensitizes the
magnocellular but not the parvocellular pathway. Invest Ophthalmol
Vis Sci 2015;56:2901-2908.

Brown A, Corner M, Crewther DP, Crewther SG. Human flicker fu-
sion correlates with physiological measures of magnocellular
neural efficiency. Front Hum Neurosci 2018;12:176. doi.org/10.3389/
fnhum.2018.00176

McKendrick AM. Recent developments in perimetry: test stimuli
and procedures. Clin Exp Optom 2005;88:73-80.

Sample PA, Bosworth CF, Blumenthal EZ, Girkin C, Weinreb RN.
Visual function-specific perimetry for indirect comparison of differ-
ent ganglion cell populations in glaucoma. Invest Ophthalmol Vis Sci
2000;41:1783-1790.

Swanson WH, Sun H, Lee BB, Cao D. Responses of primate reti-
nal ganglion cells to perimetric stimuli. Invest Ophthalmol Vis Sci
2011;52:764-771.

Pan F, Swanson WH. A cortical pooling model of spatial summation
for perimetric stimuli. J Vis 2006;6:1159-1171.

Sun H, Dul MW, Swanson WH. Linearity can account for the simi-
larity among conventional, frequency-doubling, and gabor-
based perimetric tests in the glaucomatous macula. Optom Vis Sci
2006;83:455-465.

Dudzinski A, Zawojska |, Kinasz R. Flicker perimetry (CFF) in glau-
coma diagnosis. Klin Oczna 2003;105:283-287.

Stavrou EP, Wood JM. Central visual field changes using flicker
perimetry in type 2 diabetes mellitus. Acta Ophthalmol Scand
2005;83:574-580.

Casson EJ, Johnson CA, Shapiro LR. Longitudinal comparison of
temporal-modulation perimetry with white-on-white and blue-on-
yellow perimetry in ocular hypertension and early glaucoma. J Opt
Soc Am A 1993;10:1792-1806.

Reznicek L, Lamparter J, Vogel M, Kampik A, Hirneif3 C. Flicker de-
fined form perimetry in glaucoma suspects with normal achro-
matic visual fields. Curr Eye Res 2014;40:683-689.

Luu CD, Dimitrov PN, Wu Z, et al. Static and flicker perimetry in
age-related macular degeneration. Invest Ophthalmol Vis Sci
2013;54:3560-3568.

Phipps JA, Dang TM, Vingrys AJ, Guymer RH. Flicker perimetry
losses in age-related macular degeneration. Invest Ophthalmol Vis
Sci 2004;45:3355-3360.

White AJR, Sun H, Swanson WH, Lee BB. An examination of physi-
ological mechanisms underlying the frequency-doubling illusion.
Invest Ophthalmol Vis Sci 2002;43:3590-3599.

Zeppieri M, Demirel S, Kent K, Johnson CA. Perceived spatial fre-
quency of sinusoidal gratings. Optom Vis Sci 2008;85:318-329.
Wesselink C, Jansonius NM. Glaucoma progression detection with
frequency doubling technology (FDT) compared to standard au-
tomated perimetry (SAP) in the Groningen Longitudinal Glaucoma
Study. Ophthalmic Physiol Opt 2017;37:594-601.

(B’!& OPTOMETRISTS

. Yoon MK, Hwang TN, Day S, et al. Comparison of Humphrey ma-

trix frequency doubling technology to standard automated pe-
rimetry in neuro-ophthalmic disease. Middle East Afr J Ophthalmol
2012;19:211-215.

Lamparter J, Russell RA, Schulze A, et al. Structure-function relation-
ship between FDF, FDT, SAP, and scanning laser ophthalmoscopy in
glaucoma patients. Invest Ophthalmol Vis Sci 2012;53:7553-7559.

Hu R, Wang C, Gu Y, Racette L. Comparison of standard automated
perimetry, short-wavelength automated perimetry, and frequency-
doubling technology perimetry to monitor glaucoma progression.
Medicine (Baltimore) 2016;95:€2618. doi.org/10.1097/MD.0000000000
002618

Racette L, Medeiros FA, Zangwill LM, et al. Diagnostic accuracy of
the matrix 24-2 and original N-30 frequency-doubling technol-
ogy tests compared with standard automated perimetry. Invest
Ophthalmol Vis Sci 2008;49:954-960.


https://doi.org/10.1016/j.preteyeres.2020.100907
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1186/s13643-017-0644-y
https://doi.org/10.1186/s13643-017-0644-y
https://doi.org/10.3389/fnhum.2018.00176
https://doi.org/10.3389/fnhum.2018.00176
https://doi.org/10.1097/MD.0000000000002618
https://doi.org/10.1097/MD.0000000000002618

] OPO

57.

58.

59.

60.

61.

62.
63.

64.

65.
66.
67.
68.
69.
70.
71.
72.

73.

74.

75.

,ﬂ‘ THE COLLEGE OF

VISUAL FIELDS IN AMD

!&\’ OPTOMETRISTS

Casson R, James B, Rubinstein A, Ali H. Clinical comparison of fre-
quency doubling technology perimetry and Humphrey perimetry.
BrJ Ophthalmol 2001;85:360-362.

Lamparter J, Aliyeva S, Schulze A, et al. Standard automated pe-
rimetry versus matrix frequency doubling technology perimetry
in subjects with ocular hypertension and healthy control subjects.
PLoS One 2013;8:e57663. doi.org/10.1371/journal.pone.0057663
Spry PGD, Johnson CA, McKendrick AM, Turpin A. Variability compo-
nents of standard automated perimetry and frequency-doubling
technology perimetry. Invest Ophthalmol Vis Sci 2001;42:1404-1410.
Chauhan BC, Johnson CA. Test-retest variability of frequency-
doubling perimetry and conventional perimetry in glau-
coma patients and normal subjects. Invest Ophthalmol Vis Sci
1999;40:648-656.

Ferris FL, Wilkinson CP, Bird A, et al. Clinical classification of age-
related macular degeneration. Ophthalmology 2013;120:844-851.
Sleiman K, Veerappan M, Winter KP, et al. Optical coherence to-
mography predictors of risk for progression to non-neovascular
atrophic age-related macular degeneration. Ophthalmology
2017,124:1764-1777.

Hallak JA, de Sisternes L, Osborne A, et al. Imaging, genetic, and de-
mographic factors associated with conversion to neovascular age-
related macular degeneration: secondary analysis of a randomized
clinical trial. JAMA Ophthalmol 2019;137:738-744.

Waldstein SM, Vogl W-D, Bogunovic H, et al. Characterization of
drusen and hyperreflective foci as biomarkers for disease pro-
gression in age-related macular degeneration using artificial in-
telligence in optical coherence tomography. JAMA Ophthalmol
2020;138:740-747.

Guymer RH, Baird PN, Varsamidis M, et al. Proof of concept, ran-
domized, placebo-controlled study of the effect of simvastatin
on the course of age-related macular degeneration. PLoS One
2013;8:e83759. doi.org/10.1371/journal.pone.0083759

Levine M, Walter S, Lee H, et al. Users’ guides to the medical litera-
ture.1V.How to use an article about harm. Evidence-Based Medicine
Working Group. JAMA 1994;271:1615-1619.

Guyatt GH, Rennie D, Meade M, Cook D. Users’ guides to the
medical literature: a manual for evidence-based clinical practice
[Internet]. 3rd ed. American Medical Association; 2002 [cited 2021
Feb 23]. Available at: jamaevidence.mhmedical.com/Book.aspx?-
bookld=847

Katrak P, Bialocerkowski AE, Massy-Westropp N, Kumar S, Grimmer
KA. A systematic review of the content of critical appraisal tools.
BMC Med Res Methodol 2004;4:22. doi.org/10.1186/1471-2288-4-22
Sterne JA. Why the cochrane risk of bias tool should not include
funding source as a standard item. Cochrane Database Syst Rev [in-
ternet] 2013 [accessed August 31, 2021];(12):ED000076. Available at:
doi.org/10.1002/14651858.ED000076/full

Bero LA. Why the cochrane risk of bias tool should include fund-
ing source as a standard item. Cochrane Database Syst Rev [Internet]
2013. [accessed Aug 18, 2021];(12):ED000075. Available at: doi.
0rg/10.1002/14651858.ED000075/full

Whiting P, Rutjes AWS, Reitsma JB, Bossuyt PMM, Kleijnen J. The de-
velopment of QUADAS: a tool for the quality assessment of studies
of diagnostic accuracy included in systematic reviews. BMC Med Res
Methodol 2003;10:25. doi.org/10.1186/1471-2288-3-25

Wells G, Shea B, O'Connell D, et al. The Newcastle-Ottawa Scale
(NOS) for Assessing the Quality of Nonrandomised studies in meta-
analyses [Internet]. The Ottawa Hospital Research Institute; 2013
[accessed Jun 2,2021]. Available at: ohri.ca/programs/clinical_epide
miology/oxford.asp

Landers J, Sharma A, Goldberg I, Graham S. A comparison of global
indices between the Medmont Automated Perimeter and the
Humphrey Field Analyzer. BrJ Ophthalmol 2007;91:1285-1287.
Guyatt GH, Oxman AD, Sultan S, et al. GRADE guidelines: 9. Rating
up the quality of evidence. J Clin Epidemiol 2011;64:1311-1316.
Rutter M. Beyond longitudinal data: causes, consequences,
changes, and continuity. J Consult Clin Psychol 1994;62:928-940.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Wood J. Methodology for dealing with duplicate study effects in a
meta-analysis. Organ Res Methods 2008;11:79-95.

Fairfield CJ, Harrison EM, Wigmore SJ. Duplicate publication bias
weakens the validity of meta-analysis of immunosuppression after
transplantation. World J Gastroenterol 2017;23:7198-7200.
Borenstein M, Hedges L, Higgins J, Rothstein H. Introduction to
meta-analysis. Chichester: John Wiley and Sons; 2009. p. 59-86.
Sullivan GM, Feinn R. Using effect size—or why the P value is not
enough. J Grad Med Educ 2012;4:279-282.

Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring incon-
sistency in meta-analyses. BM.J 2003;327:557-560.

Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M. Chapter
10: analysing data and undertaking meta-analyses [Internet].
Cochrane. 2019 [accessed Feb 22, 2021]. Available at: training.cochr
ane.org/handbook/current/chapter-10

Acton JH, Gibson JM, Cubbidge RP. Quantification of visual field loss
in age-related macular degeneration. PLoS One 2012;7:e39944. doi.
org/10.1371/journal.pone.0039944

Phipps JA, Guymer RH, Vingrys AJ. Temporal sensitivity defi-
cits in patients with high-risk drusen. Aust N Z J Ophthalmol
1999;27:265-267.

Atchison DA, Lovie-Kitchin JE, Swann PG. Investigation of central
visual fields in patients with age-related macular changes. Optom
Vis Sci 1990,67:179-183.

Bedell HE, Tong J, Woo SY, House JR, Nguyen T. Orientation discrim-
ination with macular changes associated with early AMD. Optom Vis
Sci 2009;86:485-491.

Chen C, Wu L, Wu D, et al. The local cone and rod system function
in early age-related macular degeneration. Doc Ophthalmol Adv
Ophthalmol 2004;109:1-8.

Cheng AS, Vingrys AJ. Visual losses in early age-related maculopa-
thy. Optom Vis Sci 1993;70:89-96.

Choi AYJ, Nivison-Smith L, Phu J, et al. Contrast sensitivity isocon-
tours of the central visual field. Sci Rep 2019;9:1-14. doi.org/10.1038/
s41598-019-48026-2

Feigl B, Brown B, Lovie-Kitchin J, Swann P. Cone-mediated multi-
focal electroretinogram in early age-related maculopathy and its
relationships with subjective macular function tests. Curr Eye Res
2004;29:327-336.

Frennesson C, Nilsson UL, Nilsson SE. Colour contrast sensitivity in
patients with soft drusen, an early stage of ARM. Doc Ophthalmol
Adv Ophthalmol 1995;90:377-386.

Lee EK, Yu HG. Ganglion cell-inner plexiform layer and peripapillary
retinal nerve fiber layer thicknesses in age-related macular degen-
eration. Invest Ophthalmol Vis Sci 2015;56:3976-3983.

Midena E, Segato T, Blarzino MC, Angeli CD. Macular drusen
and the sensitivity of the central visual field. Doc Ophthalmol
1994;88:179-185.

Midena E, Degli Angeli C, Blarzino MC, Valenti M, Segato T. Macular
function impairment in eyes with early age-related macular degen-
eration. Invest Ophthalmol Vis Sci 1997;38:469-477.

Neely D, Zarubina AV, Clark ME, et al. Association between visual
function and subretinal drusenoid deposits in normal and early
age-related macular degeneration eyes. Retina 2017;37:1329-1336.
Owsley C, Huisingh C, Clark ME, Jackson GR, McGwin G. Comparison
of visual function in older eyes in the earliest stages of age-related
macular degeneration to those in normal macular health. Curr Eye
Res 2016;41:266-272.

Piccardi M, Ziccardi L, Stifano G, et al. Regional cone-mediated dys-
function in age-related maculopathy evaluated by focal electro-
retinograms: relationship with retinal morphology and perimetric
sensitivity. Ophthalmic Res 2009;41:194-202.

Wood JM, Black AA, Mallon K, Kwan AS, Owsley C. Effects of age-
related macular degeneration on driving performance. Invest
Ophthalmol Vis Sci 2018;59:273-279.

Sevilla MB, McGwin G, Lad EM, et al. Relating retinal morphology
and function in aging and early to intermediate age-related macu-
lar degeneration subjects. Am J Ophthalmol 2016;165:65-77.


https://doi.org/10.1371/journal.pone.0057663
https://doi.org/10.1371/journal.pone.0083759
https://jamaevidence.mhmedical.com/Book.aspx?bookId=847
https://jamaevidence.mhmedical.com/Book.aspx?bookId=847
https://doi.org/10.1186/1471-2288-4-22
https://doi.org/10.1002/14651858.ED000076/full
https://doi.org/10.1002/14651858.ED000075/full
https://doi.org/10.1002/14651858.ED000075/full
https://doi.org/10.1186/1471-2288-3-25
https://ohri.ca/programs/clinical_epidemiology/oxford.asp
https://ohri.ca/programs/clinical_epidemiology/oxford.asp
https://training.cochrane.org/handbook/current/chapter-10
https://training.cochrane.org/handbook/current/chapter-10
https://doi.org/10.1371/journal.pone.0039944
https://doi.org/10.1371/journal.pone.0039944
https://doi.org/10.1038/s41598-019-48026-2
https://doi.org/10.1038/s41598-019-48026-2

TRINH €T AL.

THE COLLEGE OF

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111,

112.

113.

114.

115.

116.

17.

118.

Owsley C, Clark ME, Huisingh CE, Curcio CA, McGwin G. Visual func-
tion in older eyes in normal macular health: association with inci-
dent early age-related macular degeneration 3 years later. Invest
Ophthalmol Vis Sci 2016;57:1782-1789.

Luu CD, Dimitrov PN, Robman L, et al. Role of flicker perimetry in
predicting onset of late-stage age-related macular degeneration.
Arch Ophthalmol 2012;130:690-699.

Feigl B, Brown B, Lovie-Kitchin J, Swann P. Monitoring retinal func-
tion in early age-related maculopathy: visual performance after 1
year. Eye 2005;19:1169-1177.

Feher J, Kovacs B, Kovacs |, et al. Improvement of visual functions
and fundus alterations in early age-related macular degeneration
treated with a combination of acetyl-L-carnitine, n-3 fatty acids,
and coenzyme Q10. Ophthalmologica 2005;219:154-166.

Tolentino MJ, Miller S, Gaudio AR, Sandberg MA. Visual field
deficits in early age-related macular degeneration. Vision Res
1994;34:409-413.

Bharathi R, Kiranmayi V, Krishnaprasad P. Correlation between
humphrey visual field patterns and optical coherence tomography
patterns in age related macular degeneration. Int J Res Health Sci
2013;1:251-255.

Age-Related Eye Disease Study Research Group. The age-related
eye disease study system for classifying age-related macular de-
generation from stereoscopic color fundus photographs: the
age-related eye disease study report number 6. Am J Ophthalmol
2001;132:668-681.

Bird AC, Bressler NM, Bressler SB, et al. An international classification
and grading system for age-related maculopathy and age-related
macular degeneration. The International ARM Epidemiological
Study Group. Surv Ophthalmol 1995;39:367-374.

van Leeuwen R, Klaver CCW, Vingerling JR, Hofman A, de Jong
PTVM. The risk and natural course of age-related maculopathy:
follow-up at 6 1/2 years in the Rotterdam study. Arch Ophthalmol
2003;121:519-526.

ZEISS Medical Technology | ZEISS International. Humphrey FDT tech-
nical data [Internet]. ZEISS Medical Technology | ZEISS International;
[accessed Sept 15, 2021]. Available at: zeiss.com/meditec/us/produ
cts/ophthalmology-optometry/glaucoma/diagnostics/perimetry/
humphrey-fdt.html#technical-data

Chew EY, Clemons TE, Agrén E, et al. Ten-year follow-up of age-
related macular degeneration in the age-related eye disease study:
AREDS report no. 36. JAMA Ophthalmol 2014;132:272-277.

Ferris FL, Davis MD, Clemons TE, et al. A simplified severity scale
for age-related macular degeneration: AREDS Report No. 18. Arch
Ophthalmol 2005;123:1570-1574.

Jaeschke R, Singer J, Guyatt GH. Measurement of health status: as-
certaining the minimal clinically important difference. Control Clin
Trials 1989;10:407-415.

Keefe RSE, Kraemer HC, Epstein RS, et al. Defining a clinically mean-
ingful effect for the design and interpretation of randomized con-
trolled trials. Innov Clin Neurosci 2013;10:45-19S.

Wall M. Long- and short-term variability of automated perimetry
results in patients with optic neuritis and healthy subjects. Arch
Ophthalmol 1998;116:53. doi.org/10.1001/archopht.116.1.53

Tan NYQ, Tham Y-C, Koh V, et al. The effect of testing reliability on
visual field sensitivity in normal eyes: the Singapore Chinese eye
study. Ophthalmology 2018;125:15-21.

Wall M, Doyle CK, Zamba KD, Artes P, Johnson CA. The repeatability
of mean defect with size Il and size V standard automated perime-
try. Invest Ophthalmol Vis Sci 2013;54:1345-1351.

Monsalve B, Ferreras A, Calvo P, et al. Diagnostic ability of Humphrey
perimetry, Octopus perimetry, and optical coherence tomography
for glaucomatous optic neuropathy. Eye 2017;31:443-451.
Montesano G, Bryan SR, Crabb DP, et al. A comparison between
the compass fundus perimeter and the Humphrey field analyzer.
Ophthalmology 2019;126:242-251.

Brenton RS, Phelps CD. The normal visual field on the Humphrey
field analyzer. Ophthalmologica 1986;193:56-74.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

OPO' [

Aguilar M, Stiles WS. Saturation of the rod mechanism of the retina
at high levels of stimulation. Opt Acta Int J Opt 1954;1:59-65.
Davson H. Davson’s Physiology of the Eye, 5th edn. London:
Macmillan Academic and Professional; 1990.

Hood DC, Greenstein V. Models of the normal and abnormal rod
system. Vision Res 1990;30:51-68.

Herse P. An application of threshold-versus-intensity functions in
automated static perimetry. Vision Res 2005;45:461-468.

Whittle P, Challands PD. The effect of background luminance on the
brightness of flashes. Vision Res 1969;9:1095-1110.

Herse P. When do we need to use more light? TVI perimetry. Int
Congr Ser 2005;1282:568-572.

Owsley C, Jackson GR, Cideciyan AV, et al. Psychophysical evidence
for rod vulnerability in age-related macular degeneration. Invest
Ophthalmol Vis Sci 2000;41:267-273.

Cocce KJ, Stinnett SS, Luhmann UFQ, et al. Visual function met-
rics in early and intermediate dry age-related macular degenera-
tion for use as clinical trial endpoints. Am J Ophthalmol 2018;189:
127-138.

Mangione CM, Gutierrez PR, Lowe G, Orav EJ, Seddon JM. Influence
of age-related maculopathy on visual functioning and health-
related quality of life. Am J Ophthalmol 1999;128:45-53.

Scilley K, Jackson GR, Cideciyan AV, et al. Early age-related maculop-
athy and self-reported visual difficulty in daily life. Ophthalmology
2002;109:1235-1242.

Scholl HPN, Bellmann C, Dandekar SS, Bird AC, Fitzke FW. Photopic
and scotopic fine matrix mapping of retinal areas of increased fun-
dus autofluorescence in patients with age-related maculopathy.
Invest Ophthalmol Vis Sci 2004;45:574-583.

Owsley C, Jackson GR, White M, Feist R, Edwards D. Delays in
rod-mediated dark adaptation in early age-related maculopathy.
Ophthalmology 2001;108:1196-1202.

Kalloniatis M, Harwerth RS. Modelling sensitivity losses in ocular
disorders: colour vision anomalies following intense blue-light ex-
posure in monkeys. Ophthalmic Physiol Opt 1993;13:155-167.
Kalloniatis M, Harwertah RS, Smith EL, DeSantis L. Colour vi-
sion anomalies following experimental glaucoma in monkeys.
Ophthalmic Physiol Opt 1993;13:56-67.

Nittala MG, Velaga SB, Hariri A, et al. Retinal sensitivity using mi-
croperimetry in age-related macular degeneration in an Amish
population. Ophthalmic Surg Lasers Imaging Retina 2019;50:
e236-e241.

Pondorfer SG, Wintergerst MWM, Gorgi Zadeh S, et al. Association
of visual function measures with drusen volume in early stages
of age-related macular degeneration. Invest Ophthalmol Vis Sci
2020;61:55. doi.org/10.1167/iovs.61.3.55

Pondorfer SG, Heinemann M, Wintergerst MWM, et al. Detecting
vision loss in intermediate age-related macular degeneration: a
comparison of visual function tests. PLoS One 2020;15:0231748.
doi.org/10.1371/journal.pone.0231748

Sassmannshausen M, Pfau M, Thiele S, et al. Longitudinal analysis
of structural and functional changes in presence of reticular pseu-
dodrusen associated with age-related macular degeneration. Invest
Ophthalmol Vis Sci 2020;61:19. doi.org/10.1167/iovs.61.10.19
Maynard ML, Zele AJ, Feigl B. Mesopic Pelli-Robson contrast sensitiv-
ity and MP-1 microperimetry in healthy ageing and age-related mac-
ular degeneration. Acta Ophthalmol (Copenh) 2016;94:e772-e778.
SaBmannshausen M, Steinberg JS, Fimmers R, et al. Structure-
function analysis in patients with intermediate age-related macular
degeneration. Invest Ophthalmol Vis Sci 2018;59:1599-1608.

Welker SG, Pfau M, Heinemann M, et al. Retest reliability of meso-
pic and dark-adapted microperimetry in patients with intermedi-
ate age-related macular degeneration and age-matched controls.
Invest Ophthalmol Vis Sci 2018;59:AMD152-AMD159.

Steinberg JS, SaBmannshausen M, Fleckenstein M, et al. Correlation
of partial outer retinal thickness with scotopic and mesopic
fundus-controlled perimetry in patients with reticular drusen. Am J
Ophthalmol 2016;168:52-61.

(B’!& OPTOMETRISTS


https://zeiss.com/meditec/us/products/ophthalmology-optometry/glaucoma/diagnostics/perimetry/humphrey-fdt.html#technical-data
https://zeiss.com/meditec/us/products/ophthalmology-optometry/glaucoma/diagnostics/perimetry/humphrey-fdt.html#technical-data
https://zeiss.com/meditec/us/products/ophthalmology-optometry/glaucoma/diagnostics/perimetry/humphrey-fdt.html#technical-data
https://doi.org/10.1001/archopht.116.1.53
https://doi.org/10.1167/iovs.61.3.55
https://doi.org/10.1371/journal.pone.0231748
https://doi.org/10.1167/iovs.61.10.19

= OPO

141.

142.

143.
144.
145.
146.

147.

148.

149.
150.

151.
152.
153.

154.
155.
156.
157.

158.

159.

160.

161.

162.

,ﬂ‘ THE COLLEGE OF

VISUAL FIELDS IN AMD

!&\’ OPTOMETRISTS

Steinberg JS, Fitzke FW, Fimmers R, et al. Scotopic and photopic
microperimetry in patients with reticular drusen and age-related
macular degeneration. JAMA Ophthalmol 2015;133:690-697.

Kundi M. Causality and the interpretation of epidemiologic evi-
dence. Environ Health Perspect 2006;114:969-974.

American Academy of Ophthalmology. Primary Open-Angle
Glaucoma PPP 2020 [accessed Mar 29, 2021]. Available at: aao.org/
preferred-practice-pattern/primary-open-angle-glaucoma-ppp
Leske MC, Heijl A, Hyman L, Bengtsson B. Early Manifest Glaucoma
Trial: design and baseline data. Ophthalmology 1999;106:2144-2153.
Artes PH, Chauhan BC, Keltner JL, et al. Longitudinal and cross-
sectional analyses of visual field progression in participants of
the ocular hypertension treatment study (OHTS). Arch Ophthalmol
2010;128:1528-1532.

Sadda SR, Guymer R, Holz FG, et al. Consensus definition for atrophy
associated with age-related macular degeneration on OCT: classifi-
cation of atrophy report 3. Ophthalmology 2018;125:537-548.

Wu Z, Luu CD, Ayton LN, et al. Optical coherence tomography-
defined changes preceding the development of drusen-associated
atrophy in age-related macular degeneration. Ophthalmology
2014;121:2415-2422.

Wu Z, Ayton LN, Luu CD, Guymer RH. Microperimetry of nascent
geographic atrophy in age-related macular degeneration. Invest
Ophthalmol Vis Sci 2014;56:115-121.

Pondorfer SG, Terheyden JH, Heinemann M, et al. Association of
vision-related quality of life with visual function in age-related
macular degeneration. Sci Rep 2019;9:15326. doi.org/10.1038/54159
8-019-51769-7

Thompson AC, Luhmann UFO, Stinnett SS, et al. Association of low
luminance questionnaire with objective functional measures in
early and intermediate age-related macular degeneration. Invest
Ophthalmol Vis Sci 2018;59:289-297.

Wu Z, Guymer RH, Finger RP. Low luminance deficit and night vision
symptoms in intermediate age-related macular degeneration. Br J
Ophthalmol 2016;100:395-398.

Mackenzie PJ, Chang TS, Scott IU, et al. Assessment of vision-related
function in patients with age-related macular degeneration.
Ophthalmology 2002;109:720-729.

Karadeniz Ugurlu S, Kocakaya Altundal AE, Altin Ekin M. Comparison
of vision-related quality of life in primary open-angle glaucomaand
dry-type age-related macular degeneration. Eye 2017;31:395-405.
Schwartz GF. Compliance and persistency in glaucoma follow-up
treatment. Curr Opin Ophthalmol 2005;16:114-121.

Robin A, Grover DS. Compliance and adherence in glaucoma man-
agement. Indian J Ophthalmol 2011;59(Suppl):S93-96.

Schiavo JH. PROSPERO: an international register of systematic re-
view protocols. Med Ref Serv Q 2019;38:171-180.

Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observa-
tional studies in epidemiology: a proposal for reporting. Meta-
analysis Of Observational Studies in Epidemiology (MOOSE) group.
JAMA 2000;283:2008-2012.

Lijmer JG, Mol BW, Heisterkamp S, et al. Empirical evidence of
design-related bias in studies of diagnostic tests. JAMA 1999;282:
1061-1066.

Rutjes AWS, Reitsma JB, Di Nisio M, et al. Evidence of bias and varia-
tion in diagnostic accuracy studies. CMAJ 2006;174:469-476.

Lundh A, Lexchin J, Mintzes B, Schroll JB, Bero L. Industry sponsor-
ship and research outcome: systematic review with meta-analysis.
Intensive Care Med 2018;44:1603-1612.

Wareham KJ, Hyde RM, Grindlay D, Brennan ML, Dean RS.
Sponsorship bias and quality of randomised controlled trials in
veterinary medicine. BMC Vet Res 2017;13:234. doi.org/10.1186/51291
7-017-1146-9

Mandrioli D, Kearns CE, Bero LA. Relationship between research
outcomes and risk of bias, study sponsorship, and author financial
conflicts of interest in reviews of the effects of artificially sweetened
beverages on weight outcomes: a systematic review of reviews.
PLoS One 2016;11:e0162198. doi.org/10.1371/journal.pone.0162198

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

Wang Z, Brito JP, Tsapas A, et al. Systematic reviews with language
restrictions and no author contact have lower overall credibility: a
methodology study. Clin Epidemiol 2015;31:243-247.

Hristova EG, Zlatarova ZI. Dry age-related macular degeneration -
a new approach in optical coherence tomography monitoring and
quantitative assessment. J Biomed Clin Res 2014;7:148-154.

Rogala J, Zangerl B, Assaad N, et al. In vivo quantification of retinal
changes associated with drusen in age-related macular degenera-
tion. Invest Ophthalmol Vis Sci 2015;56:1689-1700.

Acton JH, Smith RT, Hood DC, Greenstein VC. Relationship between
retinal layer thickness and the visual field in early age-related mac-
ular degeneration. Invest Ophthalmol Vis Sci 2012;53:7618-7624.
Hartmann Kl, Bartsch D-UG, Cheng L, et al. Scanning laser ophthal-
moscope imaging stabilized microperimetry in dry age-related
macular degeneration. Retina 2011;31:1323-1331.

Landa G, Su E, Garcia PMT, Seiple WH, Rosen RB. Inner segment-
outer segment junctional layer integrity and corresponding retinal
sensitivity in dry and wet forms of age-related macular degenera-
tion. Retina 2011;31:364-370.

Ogino K, Tsujikawa A, Yamashiro K, et al. Multimodal evaluation
of macular function in age-related macular degeneration. Jpn J
Ophthalmol 2014;58:155-165.

Querques L, Querques G, Forte R, Souied EH. Microperimetric cor-
relations of autofluorescence and optical coherence tomography
imaging in dry age-related macular degeneration. AmJ Ophthalmol
2012;153:1110-1115.

Roh M, Lains |, Shin HJ, et al. Microperimetry in age-related macular
degeneration: association with macular morphology assessed by
optical coherence tomography. BrJOphthalmol 2019;103:1769-1776.
Wu Z, Ayton LN, Luu CD, Guymer RH. Relationship between reti-
nal microstructures on optical coherence tomography and micro-
perimetry in age-related macular degeneration. Ophthalmology
2014;121:1445-1452.

Curcio CA, McGwin G, Sadda SR, et al. Functionally validated imag-
ing endpoints in the Alabama study on early age-related macular
degeneration 2 (ALSTAR2): design and methods. BMC Ophthalmol
2020;20:196. doi.org/10.1186/512886-020-01467-0

Fragiotta S, Carnevale C, Cutini A, Vingolo EM. Correlation between
retinal function and microstructural foveal changes in intermedi-
ate age related macular degeneration. Int J Retina Vitr 2017;3:8. doi.
org/10.1186/s40942-017-0061-3

Malik R, Swanson WH, Garway-Heath DF. The ‘structure-function’
relationship in glaucoma - past thinking and current concepts. Clin
Experiment Ophthalmol 2012;40:369-380.

Sarks SH. Drusen patterns predisposing to geographic atrophy of
the retinal pigment epithelium. Aust J Ophthalmol 1982;10:91-97.
Davis MD, Gangnon RE, Lee L-Y, et al. The Age-Related Eye Disease
Study severity scale for age-related macular degeneration: AREDS
Report No. 17. Arch Ophthalmol 2005;123:1484-1498.

Anderson AJ, Johnson CA, Werner JS. Measuring Visual Function
in AMD with frequency-doubling (Matrix) perimetry. Optom Vis Sci
2011;88:806-815.

Carta A, Braccio L, Belpoliti M, et al. Self-assessment of the quality
of vision: association of questionnaire score with objective clinical
tests. Curr Eye Res 1998;17:506-511.

Chen JC, Fitzke FW, Pauleikhoff D, Bird AC. Functional loss in age-
related Bruch’s membrane change with choroidal perfusion defect.
Invest Ophthalmol Vis Sci 1992;33:334-340.

Denniss J, Baggaley HC, Astle AT. Predicting visual acuity from vi-
sual field sensitivity in age-related macular degeneration. Invest
Ophthalmol Vis Sci 2018;59:4590-4597.

Eisner A, Klein ML, Zilis JD, Watkins MD. Visual function and the sub-
sequent development of exudative age-related macular degenera-
tion. Invest Ophthalmol Vis Sci 1992;33:3091-3102.

Eramudugolla R, Wood J, Anstey KJ. Co-morbidity of depression
and anxiety in common age-related eye diseases: a population-
based study of 662 adults. Front Aging Neurosci 2013;5:56. doi.
org/10.3389/fnagi.2013.00056


https://aao.org/preferred-practice-pattern/primary-open-angle-glaucoma-ppp
https://aao.org/preferred-practice-pattern/primary-open-angle-glaucoma-ppp
https://doi.org/10.1038/s41598-019-51769-7
https://doi.org/10.1038/s41598-019-51769-7
https://doi.org/10.1186/s12917-017-1146-9
https://doi.org/10.1186/s12917-017-1146-9
https://doi.org/10.1371/journal.pone.0162198
https://doi.org/10.1186/s12886-020-01467-0
https://doi.org/10.1186/s40942-017-0061-3
https://doi.org/10.1186/s40942-017-0061-3
https://doi.org/10.3389/fnagi.2013.00056
https://doi.org/10.3389/fnagi.2013.00056

TRINH €T AL.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

Finger RP, Schmitz-Valckenberg S, Schmid M, et al. MACUSTAR:
development and clinical validation of functional, structural, and
patient-reported endpoints in intermediate age-related macular
degeneration. Ophthalmologica 2019;241:61-72.

Frennesson IC, Nilsson SE. Effects of argon (green) laser treatment
of soft drusen in early age-related maculopathy: a 6 month pro-
spective study. BrJ Ophthalmol 1995;79:905-909.

Guymer RH, Brassington KH, Dimitrov P, et al. Nanosecond-laser ap-
plication in intermediate AMD: 12-month results of fundus appear-
ance and macular function. Clin Exp Ophthalmol 2014;42:466-479.
Haimovici R, Owens SL, Fitzke FW, Bird AC. Dark adaptation in
age-related macular degeneration: relationship to the fellow eye.
Graefes Arch Clin Exp Ophthalmol 2002;240:90-95.

Hassan SE, Lovie-Kitchin JE, Woods RL. Vision and mobility perfor-
mance of subjects with age-related macular degeneration. Optom
Vis Sci 2002;79:697-707.

Hazel CA, Petre KL, Armstrong RA, Benson MT, Frost NA. Visual
function and subjective quality of life compared in subjects with ac-
quired macular disease. Invest Ophthalmol Vis Sci 2000;41:1309-1315.
Klein R. Age-related eye disease, visual impairment, and driving in
the elderly. Hum Factors 1991;33:521-525.

Klein BE, Klein R, Jensen SC. Visual sensitivity and age-related
eye diseases. The Beaver Dam Eye Study. Ophthalmic Epidemiol
1996;3:47-55.

Ladewig M, Kraus H, Foerster MH, Kellner U. Cone dysfunction in
patients with late-onset cone dystrophy and age-related macular
degeneration. Arch Ophthalmol 2003;121:1557-1561.

Lovie-Kitchin J, Feigl B. Assessment of age-related maculopathy
using subjective vision tests. Clin Exp Optom 2005;88:292-303.
Mayer MJ, Spiegler SJ, Ward B, Glucs A, Kim CB. Foveal flicker sensi-
tivity discriminates ARM-risk from healthy eyes. Invest Ophthalmol
Vis S¢i 1992;33:3143-3149.

Nguyen CT, Fraser RG, Tan R, et al. Longitudinal changes in retino-
topic rod function in intermediate age-related macular degenera-
tion. Invest Ophthalmol Vis Sci 2018;59:AMD19-AMD24.

Phipps JA, Guymer RH, Vingrys AJ. Loss of cone function in age-
related maculopathy. Invest Ophthalmol Vis Sci 2003;44:2277-2283.
Rodriguez JD, Lane K, Hollander DA, et al. Cone photoreceptor macular
functionand recovery after photostressin early non-exudative age-related
macular degeneration. Clin Ophthalmol AuckiNZ 2018;12:1325-1335.
Scott IU, Feuer WJ, Jacko JA. Impact of visual function on computer
task accuracy and reaction time in a cohort of patients with age-
related macular degeneration. Am J Ophthalmol 2002;133:350-357.
Steinmetz RL, Haimovici R, Jubb C, Fitzke FW, Bird AC. Symptomatic
abnormalities of dark adaptation in patients with age-related
Bruch’s membrane change. BrJ Ophthalmol 1993;77:549-554.

Tan RS, Guymer RH, Aung K-Z, Caruso E, Luu CD. Longitudinal as-
sessment of rod function in intermediate age-related macular

OPQO st L7
degeneration with and without reticular pseudodrusen. Invest
Ophthalmol Vis Sci 2019;60:1511-1518.

201. Tarita-Nistor L, Gonzalez EG, Markowitz SN, Steinbach MJ. Binocular
function in patients with age-related macular degeneration: a re-
view. Can J Ophthalmol 2006;41:327-332.

202. Tran THC, Rambaud C, Despretz P, Boucart M. Scene perception
in age-related macular degeneration. Invest Ophthalmol Vis Sci
2010;51:6868-6874.

203. Tran THC, Despretz P, Boucart M. Scene perception in age-related
macular degeneration: the effect of contrast. Optom Vis Sci
2012;89:419-425.

204. Urata CN, Mazzoli LS, Kasahara N. A comparative analysis of the
fear of falling between glaucoma and age-related macular degen-
eration patients from a developing country. Transl Vis Sci Technol
2018;7:17. doi.org/10.1167/tvst.7.5.17

205. Wang MY, Rousseau J, Boisjoly H, et al. Activity limitation due to a
fear of falling in older adults with eye disease. Invest Ophthalmol Vis
Sci 2012;53:7967-7972.

206. Wood JM, Lacherez P, Black AA, et al. Risk of falls, injurious falls, and
other injuries resulting from visual impairment among older adults
with age-related macular degeneration. Invest Ophthalmol Vis Sci
2011;52:5088-5092.

207. Yanagisawa M, Kato S, Ochiai M. Comparison of Esterman dis-
ability scores obtained using Goldmann perimetry and the
Humphrey field analyzer in Japanese low-vision patients. PLoS One
2018;13:€0203258. doi.org/10.1371/journal.pone.0203258

208. Zult T, Smith L, Stringer C, Pardhan S. Levels of self-reported and
objective physical activity in individuals with age-related macular
degeneration. BMC Public Health 2020;20:1144. doi.org/10.1186/
s12889-020-09255-7

SUPPORTING INFORMATION
Additional supporting information may be found in the on-
line version of the article at the publisher’s website.

How to cite this article: Trinh M, Kalloniatis M,
Nivison-Smith L. Should clinical automated
perimetry be considered for routine functional
assessment of early/intermediate age-related
macular degeneration (AMD)? A systematic review of
current literature. Ophthalmic Physiol Opt
2022;42:161-177. d0i:10.1111/0p0.12919



https://doi.org/10.1167/tvst.7.5.17
https://doi.org/10.1371/journal.pone.0203258
https://doi.org/10.1186/s12889-020-09255-7
https://doi.org/10.1186/s12889-020-09255-7
https://doi.org/10.1111/opo.12919

