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ABSTRACT

Introduction: Macular diseases are major con-
tributors to visual impairment and blindness
worldwide. This study introduces PocDoc, a
digital version of the conventional Amsler grid,
aimed at enhancing the screening and moni-
toring of macular diseases. We conducted a
comprehensive evaluation to compare the

effectiveness of PocDoc against the conven-
tional method.
Methods: Our comparative analysis involved
two distinct phases. Initially, we assessed the
capability of both PocDoc and the conventional
method in detecting central visual field abnor-
malities. This phase included a cohort of 72
healthy and 155 eyes affected by various con-
ditions such as age-related macular degenera-
tion (AMD), uveitis, polypoidal choroidal
vasculopathy (PCV), and macular telangiectasia.
We primarily focused on the area of compro-
mise and observed the correlation between the
results obtained from both methods, measuring
their concordance using a correlation coeffi-
cient. In the second phase, we evaluated the
accuracy of both methods in diagnosing AMD.
This involved a group of 127 eyes, including 70
healthy and 57 AMD-affected eyes. We deter-
mined the sensitivity, specificity, and overall
accuracy of each method in diagnosing AMD.
Results: In the initial phase, both PocDoc and
the conventional Amsler grid demonstrated a
high correlation in detecting central visual field
defects across various macular diseases (corre-
lation coefficient[ 0.9). In the second phase,
focused on AMD diagnosis, PocDoc showed a
sensitivity of 50%, specificity of 100%, and an
overall accuracy of 78%. Comparatively, the
conventional method exhibited a sensitivity of
49%, specificity of 100%, and accuracy of 77%.
Conclusion: PocDoc’s digital Amsler grid exhi-
bits comparable effectiveness to the
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conventional method in both detecting visual
field abnormalities across a range of macular
diseases and specifically in the diagnosis of
AMD. The high correlation in results, combined
with the digital advantages of PocDoc, such as
ease of use and potential for telemedicine
applications, suggests its viability as a valuable
tool in the screening and monitoring of macu-
lar diseases.

Keywords: Amsler grid; Telemedicine; Diagno-
sis; Accuracy; Screening

Key Summary Points

Why carry out this study?

The study addresses the need for effective
screening and monitoring tools for
macular diseases, focusing on the
potential benefits of digital solutions. This
is particularly relevant given the
prevalence and economic burden of
conditions like age-related macular
degeneration (AMD) and other macular
diseases.

The study hypothesized that PocDoc, a
digital version of the Amsler grid, could be
as or more effective than the conventional
Amsler grid in detecting central visual
field abnormalities and diagnosing
macular diseases like AMD

What was learned from the study?

The study outcomes revealed that PocDoc
exhibited a high correlation with the
conventional Amsler grid in detecting
central visual field defects across various
macular diseases. Specifically, in
diagnosing AMD, PocDoc showed a
comparable effectiveness to the
conventional method

The findings suggest that digital tools like
PocDoc can effectively complement or
even enhance traditional methods in the
screening and monitoring of macular
diseases. The integration of digital tools in
clinical practice could also pave the way
for advancements in telemedicine and
remote monitoring, enhancing patient
access and care

INTRODUCTION

Visual impairment (VI) is a major global health
concern affecting approximately 596 million
people in 2020 [1]. The main causes of VI are
cataract, age-related macular degeneration
(AMD), glaucoma, diabetic retinopathy, and
uncorrected refractive error. The number is
expected to increase with increasing life expec-
tancy, leading to greater burden on resources in
the hospitals and clinics. To address this,
mobile applications such as E-health apps
which contain various eye tests have been
developed to allow for self-monitoring, early
detection and monitoring progression [2–6].

Patients with certain conditions such as
AMD, epiretinal membrane, and macular hole
can present with central distortion of vision
(metamorphopsia) and relative scotoma. Of
these, AMD constitutes one of the leading cau-
ses of irreversible VI in developed countries [7].
Prevalence of dry AMD is roughly around
10–15% in the general population, and of these
about 10–15% patients with high-risk AMD
convert to the ‘‘wet’’ variant—also known as
neovascular AMD or nAMD [8, 9]. The advent of
newer and more potent anti-vascular endothe-
lial growth factor (anti-VEGF) agents has dra-
matically improved the prognosis of nAMD and
stressed the importance of early detection and
therapy in such patients [10]. Moreover, even
with conditions such as epiretinal membrane or
macular holes, timely detection and surgical
intervention when required could improve the
visual outcomes significantly.

The Amsler grid is one of the most com-
monly used tools for the qualitative assessment
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of metamorphopsia and relative central sco-
toma, suitable for self-assessment or use in a
busy clinic. It consists of equally spaced vertical
and horizontal lines forming a grid. This grid,
measuring 10 cm by 10 cm and divided into 0.5-
cm squares, is typically held at reading distance
with one eye covered. At this distance, the grid’s
dimensions correspond to the central 12.5� of
the visual field. Any distortions and missing
areas observed on the grid can indicate the need
for a closer examination of the macula by an
ophthalmologist, especially in cases of new
onset or recurrent diseases [11].

PocDoc—a newly developed web-based
application—consists of six various stand-alone
tests such as visual acuity, contrast sensitivity,
Amsler grid, colour vision, visual field, and red
desaturation. PocDoc is developed to address
the unmet need for comprehensive out-of-hos-
pital monitoring of eye disease progression and
remote monitoring by reducing the frequency
required for follow-up consultation [6]. By
implementing this approach, high-risk patients
can execute these tests in non-clinical settings
such as their homes, potentially relieving the
current strain on hospital humanpower, and
improve the comprehensiveness of monitoring
these conditions.

The aim of this study is to propose and val-
idate this digital tool—PocDoc—for assessing
distortion of vision and scotomas using a pur-
pose-built Amsler grid. We hypothesize that
digital Amsler grid tool gives equal or similar
results to the conventional one and in addition
may even be able to quantify the degree of
scotoma and distortion.

METHODS

Study Design and Population

This prospective, comparative study was con-
ducted in two distinct phases. A prospective
observational study was conducted in a tertiary
referral hospital in Singapore in which a total of
133 participants were recruited from the medi-
cal retina, uveitis, and glaucoma clinics from
September 2022 to October 2023. The inclusion
criteria of the study include participants who are

\ 90 years old and are fit to give informed
consent while the exclusion criteria include
participants who are unable to do the tests in
PocDoc and those who are pregnant or breast-
feeding. The study was performed in accordance
with the Helsinki Declaration of 1964 and its
later amendments and was approved by
Domain Specific Review Board (DSRB).
Informed consent was obtained from all indi-
vidual participants involved in the study.

Intervention

PocDoc, a digital adaptation of the conven-
tional Amsler grid, was developed for use on
digital platforms. The application allows users
to mark visual disturbances directly on a digital
grid. This tool was designed to enhance patient
engagement and enable longitudinal tracking of
visual field changes. The PocDoc application
contains seven variations of the Amsler grid test
in which only type 1 was utilized in the study
(Fig. 1B). The tests were administrated using
Galaxy Tab S6 Lite, model number SM-P615,
serial number R52NA10RQWK. Step-by-step
instructions on how to administer the tests are
provided in the instruction menu as shown in
Fig. 1A.

Procedures

Participants underwent Amsler grid testing
using both the PocDoc platform and a tradi-
tional Amsler grid. Initially, an auto-refraction
was performed to evaluate refractive errors, and
participants were advised to wear any necessary
corrective eyewear to achieve their best cor-
rected visual acuity. The testing environment
was controlled, maintaining room luminance at
approximately 160 lx to provide consistent
lighting conditions for all tests. Although the
PocDoc app could not track eye fixation, par-
ticipants were instructed to consistently focus
on the central target during the examination.
This approach aimed to standardize the testing
procedure and enhance the reliability of
detecting visual distortions or scotomas
through the Amsler grid.
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In the conventional assessment, subjects
covered one eye and fixated on a central point,
reporting any distortions or scotomas. Patients
were required draw along the lines that seemed
distorted or curved and to draw a circular area
around any blacked-out areas and areas that are
blurry using a pen. The same protocol was fol-
lowed using PocDoc on a digital device, allow-
ing for direct interaction with the grid.
Participants were required to undergo the test
under the previously mentioned standardized
conditions in which the participants were in a
well-lit room with the brightness of the tablet
set to the maximum. The tablet was also posi-
tioned perpendicular to the participant’s line of

sight, and a standardized testing distance of
approximately 30 cm was also maintained for
the test. Participants who required glasses or
contact lenses wore them during the adminis-
tration of the tests. The participants were
required to undergo the conventional test fol-
lowed by PocDoc Amsler on the same visit. The
results were recorded as the presence and
absence of defects, including distortion, sco-
tomas, central vision loss, and localized or
minor disturbances as described in Table 2. See
Supplementary Material for more detailed
examples.

Data Collection and Statistical Analysis

The first phase encompassed a cross-sectional
analysis comparing the digital Amsler grid
(PocDoc) with the conventional Amsler grid in
a mixed cohort. The second phase specifically
evaluated the diagnostic accuracy for AMD. The
study cohort included 227 eyes, consisting of 72
healthy eyes and 155 eyes with various macular
pathologies, including AMD, uveitis, polypoidal
choroidal vasculopathy (PCV), and macular
telangiectasia. The primary endpoint was the
presence of defects in the visual field area as
identified by each method. McNemar test was
used to determine if there were differences
between both test [12].

Additionally, the total number of affected
boxes within each patient’s visual field, as well
as the number of affected boxes by quadrant
(superior nasal, superior temporal, inferior
nasal, inferior temporal), were counted in both
tests (Fig. 2). Concordance between PocDoc and
the conventional grid was quantified using a
Pearson correlation coefficient (r). Additionally,
intra-class correlation (ICC) and Bland-Altam
plots were done to evaluate the level of agree-
ment. For the Bland-Altman plots, the y axis is
the number of boxes affected as measured by
the PocDoc Amsler grid test minus the number
of boxes affected as measured by the conven-
tional Amsler grid test, while the x axis repre-
sents the average number of boxes affected.

For the second—AMD diagnostic accuracy—
phase, the cohort included 70 control eyes and
57 eyes diagnosed with AMD. Here, sensitivity,

bFig. 1 Display of the Amsler Grid in the PocDoc app.
A Instruction menu on the administration of digital
Amsler grid and B the seven types available in PocDoc.
There are seven charts of the Amsler grid each with
dimensions of 10 cm 9 10 cm. Chart 1—the lines are
white in a black background. There are 20 small squares in
each side of the grid. Thus, each side of the small squares
measures 10 cm/20 = 5 mm. Each small square cast an
angle of 20�/20 = 1� field when the grid is held at 33 cm
from the eye. Chart 2—four diagonal white lines are
placed over the chart 1 to help fixation in an eye with a
central scotoma. Chart 3—it is similar to chart 1, except
the fact that there are red (in place of white) lines over a
black background. Red specifically stimulates the long
wavelength cones. This chart is to pick up subtle red
desaturation in diseases including bitemporal hemianopia
in a pituitary tumor, toxic optic neuropathy, and toxic
maculopathy. Chart 4—there is no line. Over a black
background, there is a central large round white dot. In
other spaces, there are multiple small random white dots.
This chart is used to differentiate scotoma from meta-
morphopsia as there is no form appreciable for distortion.
Chart 5—there is a square with 21 horizontal white lines
on black background 5 mm apart. A central white dot is
present for fixation. It is used to determine any specific
meridian of metamorphopsia specifically in patients with
reading difficulties. Chart 6—this is a modification of
chart 5. Of the seven charts, only this chart has black lines
on white background. The central lines are closer than the
chart 5, helping to evaluate fine metamorphopsia near
fixation. Chart 7—this is a modification of chart 1. There
is a central area with smaller squares each one subtending
0.5� field. Small scotoma or area of metamorphopsia near
the fixation can be demonstrated with this chart [22]
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specificity, and diagnostic accuracy were calcu-
lated for each method. McNemar’s test was
performed to compare the sensitivity of PocDoc
against the traditional Amsler grid [12].
Contingency tables used for statistical analysis
are available in Supplementary Material.

RESULTS

Data were collected from 227 eyes (114 OD and
113 OS) from 133 participants (74 males and 59
females), with a mean age of 62 years, ranging
from 18 to 89. The presenting complaints were
mainly neovascular AMD and PCV; see Table 1.
Fifty-five eyes had any type of defect, distortions
being the most common (Table 2).

The Pearson correlation between the PocDoc
and conventional Amsler grid for the entire grid
was calculated as 0.982. Correlations for each of
the four quadrants (superior nasal, superior
temporal, inferior nasal, and inferior temporal)
were 0.959, 0.971, 0.967, and 0.958, respec-
tively. All were statistically significant at
p\0.001, suggesting a strong positive correla-
tion between the results of both tests. Moreover,
the ICC for the total count of compromised
boxes was 0.98 (95% CI 0.974–0.984,
p\0.001), and Fig. 3 demonstrates the Bland-
Altman plots assessing the agreement between
both tests in the four quadrants (Fig. 3A–D) as
well as the entire visual field (Fig. 3E).

As seen in Fig. 3E, the total number of boxes
affected in a patient’s entire visual field as
measured by PocDoc Amsler grid testing would
be, on average, 2.40 boxes less than for con-
ventional Amsler grid testing for the same
patient. After calculating the mean difference
(bias) and the standard deviation of the differ-
ences, the limits of agreement on the Bland-
Altman plot can be calculated as the mean

difference ± 1.96 multiplied by the standard
deviation of the differences.

The upper and lower limits from Fig. 3E
suggest that for each patient, the PocDoc Ams-
ler grid testing results would be between 29.48
boxes less and 24.67 boxes more than with
conventional Amsler grid testing. In all five
plots, the bias is consistently negative, which
could suggest systematic bias resulting in Poc-
Doc Amsler grid testing producing a lower
number of affected boxes on average. Interest-
ingly, the superior temporal visual field seen in
Fig. 3A has the highest lower limit of agreement
(– 8.818) and lowest upper limits of agreement
(7.915).

Using a sample size of 127 eyes (70 healthy
and 57 patients with AMD), a sub-analysis was
conducted to calculate the accuracy metrics of
both tests. In Table 3, the sensitivity and speci-
ficity for the conventional Amsler grid test were
found to be 49.1% and 100%, respectively,
while they were 50.9% and 100% for PocDoc
Amsler grid test. No statistical differences were
found between the sensitivities of the two tests
(v2 = 1, p value = 0.31). The overall accuracy
was 77.2% for conventional Amsler grid test
and 78.0% for PocDoc Amsler grid test. This
demonstrated that the PocDoc Amsler grid test
had slightly higher sensitivity, accuracy, and
negative predictive value than the conventional
Amsler grid test.

DISCUSSION

Amsler grid is a useful screening tool for
patients at high risk of developing nAMD [13],
progression of epiretinal membrane [14], or
development of full thickness macular hole in
those with stage 1 hole or contralateral eyes of
FTMH [15]. PocDoc, a digital Amsler grid, aligns
with the emerging trend of utilizing digital
platforms for AMD monitoring. Several digital
Amsler grid applications are currently available
commercially, such as the Foresee Home mon-
itor [16], Alley (developed by Oculocare), and
myVisionTrack (by Vital Art and Science) [17].

These applications have shown promising
results in enhancing AMD monitoring,
although they are not without limitations. For

bFig. 2 Comparative visualization of Amsler grid test
results for three patients. This graphic displays the
outcomes of both digital (left) and conventional (right)
Amsler grid tests conducted on three different patients,
each diagnosed with a distinct ocular condition: A dry age-
related macular degeneration (AMD), B wet AMD, and
C glaucoma
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instance, the Home Monitoring of the Eye study
highlighted the ForeseeHome monitor’s effec-
tiveness, noting a smaller decline in visual
acuity from baseline to choroidal neovascular-
ization (CNV) detection [18]. Similarly, an ini-
tial assessment of the Alley smartphone
application in clinical practice demonstrated its
efficacy in discriminating between different
ocular conditions. These findings underscore
the potential benefits of digital Amsler grid
applications in early detection and continuous
monitoring of AMD progression [17].

Consistent with the findings of previous
studies by Faes et al. [19] and Bjerager et al. [17],
our study reaffirms the high specificity of the
Amsler grid, in both its conventional and digital
forms (PocDoc), for detection of age-related
macular degeneration (AMD). Faes et al. [19]
reported a specificity of 0.97, while Bjerager
et al. [17] found it to be 99% compared with
healthy controls. Our study aligns with these
findings, demonstrating a specificity of 100%
for both PocDoc and the conventional Amsler
grid. This high level of specificity is crucial in
clinical practice as it indicates the strong ability
of the Amsler grid to correctly identify individ-
uals who do not have AMD, thereby reducing
the likelihood of false-positive diagnoses.

Our study, however, presents a lower sensi-
tivity (50% for PocDoc and 49% for the con-
ventional grid) compared to the previous
studies. Faes et al. [19] found a pooled sensi-
tivity of 0.78, and Bjerager et al. [17] reported
sensitivities of 67% and 71% with different

Table 1 Demographics and list of conditions found in the
participants

Characteristic

Age, mean (SD) 61.6 (19.2) years old

Gender Males 74 (55.6%)

Females 59 (44.4%)

Entity n eyes

Healthy eyes 72

Neovascular AMD 45

PCV 28

Dry AMD 20

Cataract 12

Mild NPDR 7

Anterior uveitis 6

Retinal vasculitis 4

Dengue maculopathy 4

CMO 3

ERM 3

DME 3

Panuveitis 2

CSCR 2

Diabetic maculopathy 2

Lamellar macular hole 2

Moderate NPDR 2

Retinopathy 1

POAG 1

NTG 1

Pachychoroid neovasculopathy 1

VMA 1

Vitelliform dystrophy 1

Macular schisis 1

Table 1 continued

Characteristic

Myopic CNV 1

AMD age-related macular degeneration, NPDR non-pro-
liferative diabetic retinopathy, CMO cystoid macular
oedema, ERM epiretinal membrane, DME diabetic mac-
ular edema, CSCR central serous chorioretinopathy,
POAG primary open angel glaucoma, NTG normotensive
glaucoma, VMA vitreomacular adhesion, CNV choroidal
neovascularization, PCV polypoidal choroidal vasculopa-
thy, SD standard deviation
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Table 2 Descriptive statistics of defects detected by the conventional Amsler grid test and PocDoc Amsler grid test

Feature Grid finding Implications for visual health Conventional PocDoc p value

Distortion
(metamorphopsia)

Straight lines appear wavy, curved, or
distorted. This effect can be
widespread across the grid or
localized to specific sections. It
reflects irregularities on the retina’s
surface affecting the perception of
linear objects

Indicates changes in how straight
lines are perceived, suggesting
irregularities in the retina’s
surface at the macula

22 (40%) 22
(40%)

1

Scotomas (blind
spots)

Certain areas of the grid where lines,
intersections, or entire squares are
invisible, creating apparent blank
spots in the visual field. These can
vary in size from very small (micro-
scotomas) to larger areas, indicating
regions of vision loss or retinal
damage

Highlight areas of vision loss or
impairment, pointing to
potential damage in specific
parts of the retina

16 (29%) 16
(29%)

a

Central vision loss The central part of the grid, particularly
the point or area directly around the
central fixation point, is obscured or
not visible, suggesting a significant
impairment or loss of central vision.
This finding is crucial as central
vision is essential for detailed tasks
like reading and recognizing faces

Underscores significant
impairment in the ability to see
central details, crucial for tasks
like reading and driving

1 (2%) 1 (2%) a

Localized/minor
disturbances
(micro-scotomas
or minor
distortions)

Small, discrete anomalies confined to
one or two squares, including micro-
scotomas where a tiny part of a line
or square is not visible, or minor
distortions affecting a small section of
a line. These findings indicate very
localized areas of retinal irregularity
or early stage changes that might not
yet impact broader areas of the visual
field

Reveal very small, precise areas of
visual anomaly, important for
detecting early or minor retinal
changes

8 (15%) 7 (13%) 0.56

Blurriness A general lack of sharpness and clarity
across parts of the Amsler grid, where
lines and intersections appear fuzzy
or less defined. Unlike distortion,
which alters the shape of lines, or
scotomas, which create blank spots,
blurriness affects the visual
perception of detail without changing
line geometry or creating visible gaps

Affects the overall quality of
vision and can interfere with
daily activities

8 (15%) 8 (15%) a

aRepresents cases with perfect agreement between paired observations, where the McNemar test is not applicable because of zero
discordances, making calculation of the test statistic impossible
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control groups. However, the sensitivity of
Amsler grid is highly variable and has been
reported as low as 34% in some studies [20].
This variation in sensitivity might be attributed
to several factors, including differences in study
populations, specific types of AMD evaluated,
and methodologies employed in visual field

testing. The reasons behind this variation in
sensitivity are multifaceted. Moreover, the
lower sensitivity observed in our study rein-
forces the ongoing debate about the value of the
Amsler grid in AMD screening and monitoring
patients with AMD [17]. It suggests that the
Amsler grid, while useful, may have inherent

Fig. 3 Bland-Altman plots depicting variations between
PocDoc Amsler grid and conventional Amsler grid results
in the different quadrants of the central visual field.
A Superior nasal visual field, B superior temporal visual

field, C inferior nasal visual field, D inferior temporal
visual field, and E the entire visual field
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limitations in detecting all cases of AMD, espe-
cially in its early stages or less severe forms. This
finding is critical as it aligns with the concerns
raised by other authors regarding the Amsler
grid’s effectiveness, particularly for early detec-
tion and screening in clinical settings.

The Amsler grid is valuable for ruling out
AMD, relying solely on this method may lead to
missed diagnoses, especially in cases where the
disease is not advanced. Therefore, it is imper-
ative that the Amsler grid be used in conjunc-
tion with other diagnostic tools and
assessments to ensure a more comprehensive
evaluation of AMD [21]. Our introduction of the
digital Amsler grid, PocDoc, contributes to this
discourse by offering a modernized tool that
maintains the high specificity of the conven-
tional method while addressing some of the
limitations in traditional screening approaches.
The digital format of PocDoc facilitates ease of
use, enhances patient engagement, and pro-
vides opportunities for remote monitoring and
data collection. However, as our findings indi-
cate, further research and development are
needed to improve its sensitivity and overall
diagnostic capabilities, particularly in the early
detection of AMD.

PocDoc adds another dimension to the
evolving digital landscape of telemedicine. The
correlation in specificity and sensitivity
observed between PocDoc and the conventional
test demonstrates that these tools can be used

interchangeably. However, while they offer
significant advantages in terms of patient
engagement and remote monitoring capabili-
ties, the question of optimizing sensitivity
remains a common challenge.

It is essential to acknowledge the limitations
of our study. First, technological limitations
inherent in digital applications, such as screen
resolution variability and user interface design,
might influence the test results and user expe-
rience with PocDoc. Second, the effectiveness of
PocDoc heavily relies on patient compliance, a
common challenge observed with home moni-
toring applications. Inaccuracies in self-report-
ing and variations in the use of the digital tool
could impact the reliability of the findings. This
issue could be mitigated by integrating the use
of PocDoc Amsler into regular check-ups con-
ducted by trained optometrists and ophthalmic
technicians. Such an approach would not only
ensure more accurate assessments but also
reduce the need for frequent doctor visits,
thereby enhancing patient convenience and
healthcare efficiency. Finally, although it is not
a limitation in itself of the study, a critical
consideration is in the lower sensitivity
observed with both PocDoc and the conven-
tional method, raising concerns about their
ability to detect early-stage or less severe forms
of AMD. This limitation is crucial as it high-
lights the potential challenges in using the
Amsler grid for early detection of AMD.

Despite these limitations, it is noteworthy
that PocDoc Amsler has demonstrated consid-
erable agreement with the conventional paper
Amsler grid. The added advantage of digitaliza-
tion, including the ease of recording and com-
paring test results over time, offers a significant
benefit in monitoring disease progression. This
digital approach not only aids in maintaining
comprehensive patient records but also facili-
tates early detection of any new changes or
advancements in the condition, thereby con-
tributing positively to patient management in
AMD.

Table 3 Accuracy metrics of conventional Amsler grid
test and PocDoc Amsler grid test

Conventional
Amsler grid test (%)

PocDoc Amsler
grid test (%)

Sensitivity 49.1 50.9

Specificity 100 100

Accuracy 77.2 78.0

Positive

predictive

value

100 100

Negative

predictive

value

70.7 71.4
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CONCLUSION

In conclusion, the development of digital
Amsler grids such as PocDoc represents an
advancement in AMD and macular disease
screening and monitoring. While these tools
show high specificity, efforts to improve their
sensitivity are crucial. The integration of these
digital solutions into a comprehensive diag-
nostic and monitoring strategy could signifi-
cantly enhance patient care in ophthalmology.
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