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IMPORTANCE Patients with nonneovascular age-related macular degeneration (AMD) are
encouraged to use the Amsler grid test for self-assessment to facilitate early diagnosis.
The test is widely recommended, suggesting a belief that it signals worsening AMD,
warranting its use in home monitoring.

OBJECTIVE To systematically review studies of the diagnostic test accuracy of the Amsler grid
in the diagnosis of neovascular AMD and to perform diagnostic test accuracy meta-analyses.

DATA SOURCES A systematic literature search was conducted in 12 databases for relevant titles
from database inception until May 7, 2022.

STUDY SELECTION Studies included those with groups defined as having (1) neovascular AMD
and (2) either healthy eyes or eyes with nonneovascular AMD. The index test was the
Amsler grid. The reference standard was ophthalmic examination. After removal of obviously
irrelevant reports, 2 authors (J.B. and M.S.) independently screened the remaining references
in full text for potential eligibility. Disagreements were resolved by a third author (Y.S.).

DATA EXTRACTION AND SYNTHESIS Two authors (J.B. and I.P.) independently extracted
all data and evaluated quality and applicability of eligible studies using the Quality
Assessment of Diagnostic Accuracy Studies 2. Disagreements were resolved by a third
author (Y.S.).

MAIN OUTCOMES AND MEASURES Sensitivity and specificity of the Amsler grid for detecting
neovascular AMD with comparators being either healthy control participants or patients
with nonneovascular AMD.

RESULTS Of 523 records screened, 10 studies were included with a total of 1890 eyes
(mean participant age ranging from 62 to 83 years). Sensitivity and specificity to diagnose
neovascular AMD were 67% (95% CI, 51%-79%) and 99% (95% CI, 85%-100%),
respectively, when comparators were healthy control participants and 71% (95% CI,
60%-80%) and 63% (95% CI, 49%-51%), respectively, when control participants were
patients with nonneovascular AMD. Overall, potential sources of bias were low across studies.

CONCLUSIONS AND RELEVANCE Although the Amsler grid is easy and inexpensive to use for
detection of metamorphopsia, its sensitivity may be at levels typically not recommended
for monitoring. Coupling this lower sensitivity with only moderate specificity to identify
neovascular AMD in a population at risk, these findings suggest that such patients typically
should be encouraged to undergo ophthalmic examination regularly, regardless of any results
of Amsler grid self-assessment.
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T he introduction of intravitreal anti–vascular endothe-
lial growth factor therapy for neovascular age-related
macular degeneration (AMD) has dramatically changed

the prognosis for the most prevalent cause of irreversible vi-
sion loss in the developed world.1,2 A key factor for treatment
success is early intervention before onset of irreversible sub-
retinal fibrosis.3-5 Treatment delay translates to significantly
worse visual acuity, which has become especially apparent
during the COVID-19 pandemic.6-8 Thus, diagnostic tools for
early detection of neovascular AMD are essential to preserve
vision in patients with AMD.

Health professionals often recommend the Amsler grid,
which was first described and popularized by the Swiss oph-
thalmologist Marc Amsler in the 1940s to 1950s as a tool to de-
tect central vision metamorphopsia and relative scotoma.9-11

Patients are told to use the Amsler grid daily for self-
assessment to facilitate early detection of neovascular AMD.
A perceived distortion of the grid should prompt contacting
an ophthalmologist for a new examination that ideally would
allow for fast detection of neovascularization and initiation of
anti–vascular endothelial growth factor therapy. Theoreti-
cally, many prerequisites for an optimal early detection tool
are fulfilled: The Amsler grid is inexpensive, easy to use, and
usable without electronic devices, and it requires neither read-
ing abilities nor specific language skills. However, patients with
AMD without neovascularization can report subjective changes
to the Amsler grid presumably due to large drusen or retinal
atrophy, which can lead to unnecessary consultations and
worry. More important, though, some patients do not visit their
ophthalmologist in time because the Amsler grid seems nor-
mal to them, which then can delay diagnosis and potentially
lead to worse visual treatment outcomes.12 In this systematic
review and meta-analysis, we evaluated the diagnostic test ac-
curacy of the Amsler grid for the diagnosis of neovascular AMD.

Methods
Protocol and Registration
This systematic review and meta-analysis was designed in
accordance with the items of the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis of Diagnostic Test
Accuracy Studies.13 Our protocol was submitted to the Inter-
national Prospective Register of Systematic Reviews
(CRD42022332803). Conducting systematic reviews does
not require institutional review board approval according to
Danish law.

Eligibility Criteria
Participants, Setting, and Target Conditions
We considered any study that had 2 separate groups of eyes
defined as having (1) neovascular AMD and (2) either healthy
eyes or eyes with nonneovascular AMD. We did not enforce fur-
ther restrictions on the definition of neovascular AMD. We de-
fined the group of healthy eyes or eyes with nonneovascular
AMD as eyes with no retinal abnormalities apart from other
subtypes of AMD (early, intermediate, or late nonexudative
AMD), since this comparison group also represents the gen-

eral scenario when the Amsler grid is used in a population at
risk of neovascular AMD.

Index Test
We considered any study that used the Amsler grid test as the
index test. Eligible studies had to provide data qualified for di-
agnostic test accuracy calculation on the index test; that is,
studies using the Amsler grid test as part of the screening or
diagnosis, but without reporting any test statistics, were not
considered eligible for this study.

Reference Standards
Eligible studies must have performed an ophthalmic exami-
nation or have obtained a diagnosis of the ophthalmic condi-
tion from previous examination. This process had to be per-
formed for all participants in the analysis to avoid bias.
However, we also acknowledge that fluorescein angiography,
which is an invasive investigation using an intravenous con-
trast agent, is not routinely performed in patients without
clinical suspicion of macular neovascularization. Therefore,
we included studies in which fluorescein angiography was
not systematically performed in patients with nonneovascu-
lar AMD.

Study Design
We included prospective and retrospective studies with
diagnostic test accuracy estimates of the outcomes of inter-
est, regardless of study design. Conference abstracts were
considered if original data were reported. Single-case reports
were not considered. For practical purposes, we considered
only studies written in English, Danish, German, Norwegian,
or Swedish.

Information Sources, Search, and Study Selection
One trained author (Y.S.) performed the literature search
in 12 databases (PubMed, Embase, Cochrane Central,
ClinicalTrials.gov, Web of Science Core Collection, BIOSIS
Previews, Current Contents Connect, Data Citation Index,
Derwent Innovations Index, KCI Korean Journal Database,
Russian Science Citation Index, and SciELO Citation Index)
on May 7, 2022 (eMethods in Supplement 1), screened titles

Key Points
Question What are the sensitivity and specificity of the Amsler
grid test for the diagnosis of neovascular age-related macular
degeneration (AMD)?

Findings In this systematic review and meta-analysis of 10
studies, sensitivity and specificity of the Amsler grid to diagnose
neovascular AMD vs nonneovascular AMD were low and
moderate, respectively.

Meaning These findings suggest that the diagnostic accuracy
of the Amsler grid for the detection of neovascular AMD is
moderate when used in a patient population with an a priori risk
of neovascular AMD, supporting that these patients should seek
ophthalmic examination regularly, regardless of the results of
Amsler grid test results.
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and abstracts of all records, and removed duplicates and
obviously irrelevant reports. Two authors (J.B. and M.S.)
independently screened the remaining references in full text
and reviewed the reference lists for additional eligible stud-
ies. Disagreements between the authors were discussed with
a third author (Y.S.) for final decision.

Data Collection Process, Data Extraction,
Risk of Bias, and Applicability
We extracted data regarding study design and characteristics,
population characteristics (including age and sex), method-
ological details regarding index test and reference standard, and
results regarding the diagnostic test accuracy of the Amsler
grid (ie, true-positive [TP], false-positive [FP], true-negative
[TN], false-negative [FN]) for detecting neovascular AMD. All
data were extracted independently by 2 authors (J.B. and M.S.)
using predesigned data extraction forms. Quality of eligible
studies was evaluated using the recommended risk-of-bias tool
for diagnostic accuracy studies, the Quality Assessment of
Diagnostic Accuracy Studies 2,14 which also evaluates the ap-
plicability. This assessment was made independently by 2 au-
thors (J.B. and I.P.). Disagreements between the authors
were discussed with a third author (Y.S.) for final decision.

Diagnostic Accuracy Measures,
Synthesis of Results, and Meta-analysis
For all calculations, the unit of assessment was per eye. Our
outcomes of interest were TP, FP, TN, and FN, which were used
to calculate sensitivity (ie, TP / [TP + FN]) and specificity
(ie, TN / [TN + FP]). These measures were calculated for the
detection of neovascular AMD in 2 settings: (1) healthy con-
trol participants (ie, no retinal abnormalities) as the compara-
tor and (2) nonexudative AMD as the comparator. We fol-
lowed the Cochrane Handbook for Systematic Reviews of
Interventions for methodological guidance.15,16 Data were pre-
sented in 2 × 2 tables with 95% CIs for the calculated sensi-
tivity and specificity. Because of the fundamental relation-
ship and correlation between sensitivity and specificity, we
analyzed results based on an approach to fit random effects
using the hierarchical summary receiver operating character-
istic model. This model accounts for the across-study variabil-
ity and estimates summary accuracy measures of sensitivity
and specificity. We used this model to interpret the summary
sensitivity and specificity point to reflect the average ob-
served accuracy.17 Our calculations were made using MetaDTA,
version 2.01.17 Sensitivity analyses were made by excluding
each study in turn and recalculating summary estimates to
evaluate the robustness of the calculations.

Results
Study Selection
Our search identified 523 records, of which 211 were dupli-
cates and 281 obviously irrelevant. The remaining 31 records
were read in full text. Of these, 21 records did not fulfill our
eligibility criteria and were excluded (Figure 1). Thus, 10 stud-
ies were eligible for qualitative and quantitative review.

Study Characteristics
The 10 studies included in our review collectively summa-
rized data from 2524 eyes tested using the Amsler grid, of which
1890 eyes were of relevance for our analyses.18-27 The studies
were conducted between 2003 and 2015 and originated from
Germany (n = 3),19,20,27 the US (n = 3),21,25,26 Brazil (n = 1),18

Israel (n = 1),22 and Poland (n = 1)24; 1 study was an interna-
tional collaboration.23 All were clinic-based studies. One
study was a case-control study,24 and the rest were cross-
sectional. One study was retrospective in nature,26 and the re-
maining were prospective. Three studies were multicenter
studies,20,22,23 and the remaining were single-center studies.
Six studies had a criterion of a best-corrected visual acuity of
at least 0.1 to 0.2 Snellen of the study eye for being eligible
for participation.18,19,22-24,27 Further study details are summa-
rized in Table 1.

Studies collectively included 425 eyes with neovascular
AMD, 1262 eyes with nonneovascular AMD, and 203 healthy
control eyes. Definitions of neovascular and nonneovascular
AMD were subject to variation across studies. Mean partici-
pant age ranged from 62 to 83 years, and women comprised
40% to 68% (males, 32%-60%) of the samples. Study-
specific details on participant characteristics are summa-
rized in eTable 1 in Supplement 1.

The reference test (ie, diagnosis of AMD subtype or hav-
ing a healthy retina) was defined as a clinical examination.
The clinical examinations included slitlamp biomicroscopy,
fundus photography, optical coherence tomography (OCT), and
fluorescein angiography; however, different diagnostic mo-
dalities were used, and the methodological details were dis-
closed variably across studies (Table 2). The index test (ie, the

Figure 1. Preferred Reporting Items for Systematic Reviews
and Meta-analysis Flow Diagram of Study Selection Process

523 Records identified through
database searching

312 Records after duplicates removed

0 Additional records identified
through other sources

312 Records screened

10 Studies included in qualitative synthesis

10 Studies included in quantitative
synthesis (meta-analysis)

281 Records excluded

31 Full-text articles assessed for eligibility

21 Excluded
11 Studied the wrong

population
8 Studied the wrong outcome
1 Used the wrong index test
1 Was a conference abstract

of an already-included
full-text article
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Table 1. Study Characteristics

Source Study design Participant eligibility

Participant recruitment

FundingScreened Analyzed

Isaac et al,18

2007, Brazil
Prospective,
cross-sectional,
single-center,
clinic-based study

Participants from 1 eye clinic defined
according to retinal status of AMD
(no AMD, mild AMD, intermediate AMD, or
neovascular AMD). Participants were
included if BCVA ≥0.125 Snellen, no other
forms of maculopathy, no presence of
glaucoma or high myopia, and no recent
ocular surgery.

NA 65 Eyes of 65
individuals

No funding

Kampmeier et al,19

2006, Germany
Prospective,
cross-sectional,
single-center,
clinic-based study

Participants from 1 eye clinic defined as
healthy age-matched control participants,
patients with nonneovascular AMD, or
patients with neovascular AMD. Participants
were included if BCVA ≥0.2 Snellen, aged
≥50 y, and no other forms of maculopathy.

NA 140 Eyes of 174
individuals

Grant from a private
foundation

Klatt et al,20

2006 Germany
Prospective,
cross-sectional,
multicenter,
clinic-based study

Participants from 2 eye clinics with a
diagnosis of intermediate AMD, classical
CNV, or occult CNV. Other study groups
included control participants without
maculopathies and patients with macular
hole, epiretinal membrane, or central serous
chorioretinopathy. No further eligibility
criteria were described.

NA 153 Eyes of 147
individualsa

NA

Koike et al,21

2015, US
Prospective,
cross-sectional,
single-center,
clinic-based study

Participants from 1 eye clinic with a
diagnosis of dry or exudative AMD. No
further eligibility criteria were described.

NA 82 Eyes (number of
individuals NA)

No funding

Loewenstein et al,22

2003, Israel
Prospective,
cross-sectional,
multicenter,
clinic-based study

Participants from 2 eye clinics defined
according to retinal status of AMD (no AMD,
early AMD either with or without ≥6 large
drusen, GA, or neovascular AMD).
Participants were included if aged ≥50 y,
BCVA ≥0.1 Snellen, no other retinal
diseases, no optic nerve disease, and no
significant media opacity.

NA 159 Eyes of 159
individuals

Unclear; however,
some coauthors were
financially involved
with parts of the study

Goldstein et al,23

2005, international
collaboration

Prospective,
cross-sectional,
multicenter,
clinic-based study

Participants from 3 eye clinics defined
according to retinal status of AMD (no AMD,
early AMD, intermediate AMD, GA, or
neovascular AMD). Participants were
included if aged ≥50 y, BCVA ≥0.125
Snellen, no other maculopathies, no optic
nerve disease, and no significant media
opacity.

179 Individuals,
of whom 29 were
excluded as not
fulfilling the
eligibility criteria

150 Eyes of 150
individuals

Unclear; however,
some coauthors were
financially involved
with parts of the study

Nowomiejska et al,24

2013, Poland
Prospective,
case-control,
single-center,
clinic-based study

Participants from 1 eye clinic with wet AMD
or age-matched healthy control
participants. Additional eligibility criteria
included BCVA ≥0.1 Snellen, no other retinal
diseases, no glaucoma, no amblyopia, no
strabismus, no prior intraocular surgery, and
no refractive error greater than ±5 D.

NA 59 Eyes of 59
individuals

Grant from
a university

Robison et al,25

2011, US
Prospective,
cross-sectional,
single-center,
clinic-based study

Participants from 1 eye clinic with a
diagnosis of dry or exudative AMD. Patients
with GA or disciform scarring were not
included. No further eligibility criteria were
described.

NA 90 Eyes (No. of
individuals was
unclear)

Grant from a public
foundation

Wiecek et al,26

2015, US
Retrospective,
cross-sectional,
single-center,
clinic-based study

Participants from 1 eye clinic with a
diagnosis of dry or exudative AMD obtained
through electronic patient records. Other
study groups included patients with
epiretinal membrane, central serous
chorioretinopathy, cystoid macular edema,
and diabetic macular edema. No further
eligibility criteria were described.

5661 Individuals 1495 Individuals
randomly sampled.
Each patient
contributed 1
outcome regardless
of the status in
individual eyes.b

Grant from a public
foundation and a
university

Zorn et al,27

2005, Germany
Prospective,
cross-sectional,
single-center,
clinic-based study

Participants from 1 eye clinic with a
diagnosis of nonneovascular or neovascular
AMD. Participants were included if BCVA
≥0.2 Snellen. No further eligibility criteria
were described.

NA 97 Eyes of 97
individuals

NA

Abbreviations: AMD, age-related macular degeneration; BCVA, best-corrected visual acuity; CNV, choroidal neovascularization; GA, geographic atrophy;
NA, not available.
a Of these eyes, 47 were excluded in the present review (23 with macula holes, 13 with epiretinal membrane, and 11 with central serous chorioretinopathy).
b Of these eyes, 587 were excluded in the present review (346 with epiretinal membrane, 53 with central serous chorioretinopathy, 116 with cystoid macula edema,

and 72 with diabetic macula edema).
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Amsler grid) was performed with a white square grid on a black
background in 2 studies18,25 and a black square grid on a white
background in 4 studies19,20,22,24; the test configuration was
not specified in 4 studies.21,22,26,27 Six studies outlined that the
test was performed using a reading addition to the partici-
pant’s refraction and at 30 to 40 cm from the participant’s
eye.18-20,23-25 Detailed methodological descriptions of the in-
dex and reference tests used across studies are available in
Table 2.

Results of Individual Studies,
Risk of Bias Within Studies, and Applicability
Wiecek et al26 evaluated the prevalence and patterns of meta-
morphopsia across macular diseases and determined that
metamorphopsia in neovascular AMD was more centrally lo-
cated in the Amsler grid. Other types of AMD were less likely
to lead to metamorphopsia, and when they did, it was more
commonly spread out on the grid.26

Six studies were designed to compare the diagnostic
accuracy of the Amsler grid with preferential hyperacuity
perimeter (PHP) for detecting neovascular AMD.18-20,22,23,27

Isaac et al18 found that the 2 methods were comparable but
that PHP had slightly higher sensitivity than the Amsler grid.
Kampmeier et al19 determined that both methods revealed
metamorphopsia and scotoma in early and late AMD but that
PHP was more sensitive for geographic atrophy and neovas-
cular AMD. Klatt et al20 reported overall comparable results
from the 2 methods but that the Amsler grid was superior for
detecting intermediate AMD and classic choroidal neovascu-
larization (CNV), whereas PHP was superior to the Amsler
grid for occult CNV. Goldstein et al23 concluded that PHP had
greater sensitivity than the Amsler grid for detecting any
AMD but that PHP also had many FP results and lower speci-
ficity. Both methods revealed that earlier stages of AMD
were associated with metamorphopsia and positive Amsler
grid or PHP findings.23 Zorn et al27 found that both methods
had comparable diagnostic accuracy, especially for detecting
metamorphopsia in the early stages of AMD, but that PHP
was superior in detecting geographic atrophy. Loewenstein
et al22 compared diagnostic accuracy of the Amsler grid with

Table 2. Methods of the Index Test and the Reference Test
in Included Studies

Source Index test method Reference test method
Isaac
et al,182007

White square grid on a black
background. The test was
supervised and performed using
a +3.0-D addition to the
participant’s refraction at 33-cm
distance from the participant’s
eye. All eyes were tested with
undilated pupils. The test was
considered positive in the
presence of any scotoma,
blurred lines, or
metamorphopsia.

All participants were
examined by 1 retina
specialist, and the
diagnosis was confirmed
by a second masked
examiner through fundus
photography analysis.
Fluorescein angiography
was performed where
CNV was suspected.

Kampmeier
et al,19 2006

Black square grid on a white
background. The test was
supervised and performed using
a +3.0-D addition to the
participant’s refraction at 33-cm
distance from the participant’s
eye. Pupillary dilation status was
not outlined. The test was
considered positive in the
presence of any scotoma or
metamorphopsia.

All participants were
examined using slitlamp
biomicroscopy, fundus
photography, optical
coherence tomography,
and fluorescein
angiography.

Klatt
et al,202006

Black square grid on a white
background. The test was
supervised and performed using
a reading addition to the
participant’s refraction at
30-40–cm distance from the
participant’s eye. Pupillary
dilation status was not outlined.
The test was considered positive
in the presence of any scotoma
or blurred or displaced lines.

All participants were
examined using slitlamp
biomicroscopy, indirect
ophthalmoscopy, fundus
photography, and optical
coherence tomography.
In patients with
intermediate AMD or any
suspicion of CNV,
fluorescein angiography
was performed.

Koike
et al,212015

Supervised Amsler grid test was
performed but not specified in
further detail.

Clinical examination
included optical
coherence tomography.
Examination was not
specified in further detail.

Loewenstein
et al,22 2003

Supervised Amsler grid test was
performed, but further details
were not specified. The test was
considered positive in the
presence of any distortion,
scotoma, or blurring.

Clinical examination
included slitlamp
biomicroscopy, fundus
photography, and
fluorescein angiography
upon any suspicion of CNV.

Goldstein
et al,23 2005

Black square grid on a white
background. The test was
supervised and performed using
a +3.0-D addition to the
participant’s refraction at 33-cm
distance from the participant’s
eye. Pupillary dilation status was
not outlined. The test was
considered positive in the
presence of any scotoma,
blurred lines, or
metamorphopsia.

A retina specialist
performed slitlamp
biomicroscopy
examination and
stereoscopic macular
color photography.

Nowomiejska
et al,24 2013

Black square grid on a white
background. The test was
supervised and performed using
a reading addition to the
participant’s refraction at 30 cm
from the participant’s eye. All
were tested with undilated
pupils. The test was considered
positive in the presence of any
blurred lines or
metamorphopsia.

All participants underwent
slitlamp biomicroscopy
examination, applanation
tonometry, dilated
fundoscopy, and optical
coherence tomography.

Robison
et al,25 2011

White square grid on a black
background. The test was
supervised and performed at a
reading distance at 30 cm from
the participant’s eye. Further
details were not specified. The
test was considered positive in
the presence of metamorphopsia
or any other central visual field
disturbance.

All participants underwent
clinical examination,
including optical
coherence tomography,
scanning laser
ophthalmoscopy, fundus
photography, and
fluorescein angiography.

(continued)

Table 2. Methods of the Index Test and the Reference Test
in Included Studies (continued)

Source Index test method Reference test method
Wiecek
et al,26 2015

Supervised Amsler grid test was
performed but not specified in
further detail. A certified
ophthalmologic technician
replicated the patient’s
drawing/description on a
computer-based grid for further
analyses.

Details of the clinical
examination were not
specified.

Zorn et al,27

2005
Supervised Amsler grid test was
performed but not specified in
further detail.

All participants
were examined with
fundoscopy, stereoscopic
macula color photographs,
and fluorescein
angiography.

Abbreviations: AMD, age-related macular degeneration; CNV, choroidal
neovascularization; D, diopter.
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a macular computerized psychophysical test, a computer-
ized method with similarities to the PHP, for detecting neo-
vascular AMD. The authors found that the macular comput-
erized psychophysical test detected more individuals with
both early AMD and late AMD than the Amsler grid.

Three studies compared the diagnostic accuracy of the
Amsler grid with other non-PHP modalities for meta-
morphopsia.21,24,25 Koike et al21 compared diagnostic accu-
racy of the Amsler grid with noise-field perimetry for detect-
ing neovascular AMD and found the Amsler grid to have
higher sensitivity and comparable specificity. Nowomiejska
et al24 compared diagnostic accuracy of the Amsler grid with
M-charts for detecting neovascular AMD, with the M-charts
having slightly higher sensitivity than the Amsler grid
and both having comparable specificity. Robison et al25

compared diagnostic accuracy of the Amsler grid with a
3-dimensional computer-automated threshold Amsler grid
for detecting neovascular AMD and found that the latter
detected cases of metamorphopsia in both dry and neovas-
cular AMD otherwise not detected by standard Amsler
grid.25

Our risk-of-bias evaluation of individual studies and the
assessment of applicability are summarized in eTable 2 in
Supplement 1. Patients were likely referred to and seen in
the clinics because of symptoms, which introduced a risk of
selection bias and challenged applicability of findings.

All studies used supervised Amsler grid testing (Table 2),
which deviates from its use in home monitoring. Therefore,
the risk-of-bias evaluation revealed the highest risk of bias
for the domains of patient selection and index test.

Diagnostic Test Accuracy of the Amsler Grid
for Detecting Neovascular AMD
Study-specific data on diagnostic test accuracy in individual
studies are available in Table 3. We summarized diagnostic
test accuracy of the Amsler grid for detection of neovascular
AMD in 2 scenarios. First, the comparator or control partici-
pants were those without retinal pathology. Here, we calcu-
lated a summary estimate of the diagnostic test accuracy to
be 67% (95% CI, 51%-79%) sensitivity and 99% (95% CI,
85%-100%) specificity. Second, the comparator or control
participants were those with nonneovascular AMD. Here, we
calculated a summary estimate of the diagnostic test
accuracy to be 71% (95% CI, 60%-80%) sensitivity and 63%
(95% CI, 49%-51%) specificity.

Hierarchical summary receiver operating characteristic
curves showed the association between sensitivity and speci-
ficity for the Amsler grid in both scenarios (Figure 2). Our sen-
sitivity analyses of both scenarios showed robust estimates
(eTable 3 in Supplement 1). In post hoc analysis, the Amsler
grid test was more sensitive to classic vs occult CNV (eTable 4
in Supplement 1).

Table 3. Results of the Diagnostic Test Accuracy Meta-analyses of the Amsler Grid Test for Detecting Neovascular Age-Related
Macular Degeneration (AMD)

Source

No. % (95% CI)

Eyes TP FP FN TN Sensitivity Specificity
Performance in a scenario where the comparator and
control participants are those with no retinal pathology

Isaac et al,18 2007 25 7 0 3 15 70 (40-89) 100 (80-100)

Kampmeier et al,19 2006 79 36 5 9 29 80 (66-89) 85 (70-94)

Klatt et al,20 2006 93 60 0 13 20 82 (72-89) 100 (84-100)

Koike et al,21 2015 NR NR NR NR NR NR NR

Loewenstein et al,22 2003 83 11 1 21 50 34 (20-52) 98 (90-100)

Goldstein et al,23 2005 52 10 0 9 33 53 (32-73) 100 (90-100)

Nowomiejska et al,24 2013 59 25 0 11 23 69 (53-82) 100 (86-100)

Robison et al,25 2011 NR NR NR NR NR NR NR

Wiecek et al,26 2015 NR NR NR NR NR NR NR

Zorn et al,27 2005 NR NR NR NR NR NR NR

Summary estimate NR NR NR NR NR 67 (51-79) 99 (85-100)

Performance in a scenario where the comparator and
control participants are those with nonneovascular AMD

Isaac et al,18 2007 50 7 8 3 32 70 (40-89) 80 (65-90)

Kampmeier et al,19 2006 140 36 45 9 50 80 (66-89) 53 (43-62)

Klatt et al,20 2006 86 60 13 13 0 82 (72-89) 0 (0-23)

Koike et al,21 2015 82 22 16 11 33 67 (50-80) 67 (53-79)

Loewenstein et al,22 2003 108 11 13 21 63 34 (20-52) 83 (73-90)

Goldstein et al,23 2005 117 10 20 9 78 53 (32-73) 80 (71-86)

Nowomiejska et al,24 2013 NR NR NR NR NR NR NR

Robison et al,25 2011 63 23 9 6 25 79 (62-90) 74 (57-85)

Wiecek et al,26 2015 908 100 468 19 321 84 (76-90) 41 (37-44)

Zorn et al,27 2005 97 25 31 4 37 86 (69-95) 54 (43-66)

Summary estimate NR NR NR NR NR 71 (60-80) 63 (49-51)

Abbreviations: FN, false-negative; FP, false-positive; NR, not relevant; TN, true-negative; TP, true-positive.
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Discussion

In this systematic review and meta-analysis, we found that
the Amsler grid test has sensitivity at levels typically not rec-
ommended for monitoring. Regarding specificity, when the
Amsler grid was tested against healthy control participants, our
summary estimate is as much as 99%, but when tested
against patients with nonneovascular AMD, it missed 1 in 3 eyes
with neovascular AMD. When the Amsler grid test is used for
detection of neovascular AMD in a clinical setting, it is per-
formed in patients with an a priori risk of neovascular AMD.
These patients can have various stages of nonneovascular AMD
(early AMD, intermediate AMD, or late nonexudative AMD with
geographic atrophy) and possibly additional age-related
macular conditions, such as epiretinal fibrosis, all of which can
be associated with some level of metamorphopsia or scoto-
mas that can lead to positive findings on the Amsler grid. Thus,
it is not surprising that the Amsler grid will correctly classify
only 63% of patients who have transitioned from dry to neo-
vascular AMD.

Newer methods for evaluation of metamorphopsia exist,
including computerized and smartphone application–based
techniques with static or dynamic testing principles.28 The
dominant principle in dynamic testing is hyperacuity, and cur-
rently, commercially available devices include the Foresee-
Home monitor (Notal Vision Inc) and the Alley (Oculocare)
and myVisionTrack (Vital Art and Science) smartphone
applications.29-31 These methods have shown some promise
but are not without limitations. In a meta-analysis, Faes et al32

were unable to find statistically significant differences in the
diagnostic test accuracy between the Amsler grid and PHP, the
latter being a technological forerunner to the ForeseeHome
monitor. The Home Monitoring of the Eye study found that a
smaller decline in visual acuity from baseline to CNV detec-
tion could be achieved with the ForeseeHome monitor,33 but

self-monitoring compliance remains an issue for a meaning-
ful number of patients.34 Similar to the performance of the
Amsler grid test, the first assessment of the Alley smart-
phone application in clinical practice found that the method
was effective at discriminating AMD from no AMD, but dis-
crimination between dry and wet AMD was moderate.35 The
downsides of computerized techniques include the need for
more or less costly hardware and software, training, and pos-
sibly continued supervision by a technician. Older individu-
als with poor eyesight and who have not adapted to the digi-
tal age may be overly challenged by these newer modalities.36

Examination times are also usually several minutes, much
longer than that of the Amsler grid test. Adoption of comput-
erized methods for metamorphopsia screening is still in an early
phase, which could explain why only small gains in neovas-
cular AMD detection have been proven presently. Further
studies are warranted to uncover the potential of computer-
ized methods for detection of metamorphopsia.

It should be noted that clinical application of the Amsler
grid has its own challenges. The test can be performed incor-
rectly in many ways, such as without near correction, with bin-
ocular instead of monocular vision, or at a distance greater
than what is recommended. These factors may worsen the di-
agnostic test accuracy. Challenges of using the Amsler grid may
be better controlled through computerized methods for de-
tection of metamorphopsia. Therefore, modern home moni-
toring technologies may outperform the Amsler grid, at least
theoretically.

Fluorescein angiography and OCT angiography remain the
best methods for detecting neovascular AMD.37 From a screen-
ing perspective, increasing access to OCT alone can be ex-
pected to provide a significant improvement in detection of
neovascular AMD.38 The sensitivity of fundus photography
(81%) is slightly lower than that of OCT (97.5%), whereas the
specificity (89.5%) is slightly higher than that of OCT (85%);
however, both are superior to that of the Amsler grid.39,40

Figure 2. Hierarchical Summary Receiver Operating Characteristic (HSROC) Model Curve
for Evaluating the Sensitivity and Specificity of the Amsler Grid Test in Detecting Neovascular
Age-Related Macular Degeneration (AMD)
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In some countries, optometry clinics provide posterior seg-
ment screening using imaging modalities such as fundus
photography or OCT, after which images are interpreted in col-
laboration with retina specialists.41-43 These initiatives bring
retinal imaging closer to the patients, allow broader access to
better diagnostic methods, and help with triaging patients
by urgency.41-43

Limitations
Limitations of this study should be acknowledged. First, our
review is based on studies that diagnosed neovascular AMD
from 2003 to 2015. During this period, emerging widespread
adoption of OCT in clinical practice allowed for a more de-
tailed diagnosis and better disease definition and stratifica-
tion, which may have contributed to differences in disease
category definitions across studies. Second, the Amsler grid
test was performed in a supervised manner in the reviewed
studies, which may not reflect the performance of the Amsler
grid test self-assessment for home monitoring. Third, retro-
spective studies may contribute to selection, ascertainment,
and information biases. In our meta-analysis, only 1 study was
retrospective,26 and excluding this study did not change the
estimates (eTable 3 in Supplement 1). Fourth, different distri-
butions of CNV subtypes may explain differences across
studies. In a post hoc analysis, the Amsler grid test was more
sensitive to classic CNV than occult CNV (eTable 4 in Supple-

ment 1). Although data do not exist on nonexudative CNVs, we
speculate that the sensitivity of the Amsler grid for nonexu-
dative CNVs is at best similar to that of occult CNV. Studies of
Amsler grid test sensitivity for CNV subtypes may shed more
light on this topic.

Conclusions
In conclusion, our findings suggest that the Amsler grid test
should be used with caution for detecting neovascular AMD
in eyes with an a priori risk of neovascular AMD. Although the
Amsler grid test is inexpensive, readily available, easy to use,
and independent of electronics or devices, it is important to
note that when patients have signs of early or dry AMD and,
thus, are at risk of developing neovascular AMD, the actual
performance of the Amsler grid is not at a level typically rec-
ommended for monitoring. Although the Amsler grid may per-
form well in some cases, it may also provide a false sense of
security in others. To date, to the best of our knowledge, no
randomized controlled trial data exist on the effect of Amsler
grid self-assessment for home monitoring on real-life out-
comes in patients at risk for neovascular AMD. Thus, physi-
cians recommending the Amsler grid self-assessment should
also encourage patients to undergo ophthalmic examination
regularly, regardless of Amsler grid results.
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