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Purpose: To investigate a method that uses hyperacuity, the Macular Computerized Psychophysical Test
(MCPT), to evaluate the central macular visual field in patients with age-related macular degeneration (AMD).

Design: Prospective case-control study of a diagnostic test.

Participants and Controls: One hundred eight eyes of 108 Patients with AMD and 51 eyes of 51 age-
matched patients with no retinal disease. Patients with AMD included 32 (30%) patients with choroidal neovas-
cularization (CNV), 23 (21%) with geographic atrophy (GA), 35 (32%) with AMD with high-risk characteristics
(HRC), and 18 (17%) with early AMD with non-HRC.

Testing: Each subject underwent the MCPT, in which a virtual line composed of dots (white dots on a black
background, maximal contrast) is flashed across different macular loci to a perifoveal radius of 7°. Patients’
responses were recorded and automatically analyzed using a specific algorithm developed before the onset of
the study. All patients also underwent a supervised Amsler grid examination on the encounter before or after the
MCPT in random order.

Main Outcome Measures: Distortion, scotoma, or blurring perceived by the patient after a swift change of
fixation was considered positive on the MCPT. Any perception of distortion, scotoma, or blurring was considered
positive on the Amsler grid.

Results: Of the 32 patients with CNV, 30 (94%) were found positive on the MCPT and 11 (34%) were found
positive on the Amsler grid. Of the 23 GA patients, 21 (91%) were found positive on the MCPT and 7 (30%) were
found positive on the Amsler grid. Of the 35 HRC patients, 28 (80%) were found positive on the MCPT and 3 (9%)
were found positive on the Amsler grid, and of the 18 early AMD with non-HRC patients, 8 (44%) were found
positive on the MCPT and 3 (17%) were found positive on the Amsler grid. Of the 51 controls, 3 (6%) were
positive on the MCPT and 1 (2%) was positive on the Amsler grid.

Conclusions: The MCPT was superior to the Amsler grid in detecting AMD-related lesions in this cohort.
Studies are underway to determine whether the MCPT is feasible for home monitoring to provide early detection
of progression to CNV. Ophthalmology 2003;110:966-970 © 2003 by the American Academy of Ophthalmology.
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Figure 1. Photograph of a patient performing the Macular Computerized
Psychophysical Test.

crucial in the management of these patients.**'* For this
reason, patients at risk are encouraged to perform self-
monitoring, often using an Amsler grid or being alert to new
symptoms of metamorphopsia, visual field scotoma, blurred
vision, or micropsia. The Amder grid has previously been
shown to be an unreliable tool for diagnosing central visua
field defects in patients with AMD.*™% Although the
threshold Amder grid has been reported to show a better
performance, 50% of all scotomasin the macular region still
remain undetected by either one. Moreover, when scotomas
of 6° or less were evaluated, the detection rate was even
lower.*® The reasons for poor performance of the Amsler
grid might include the following:

1. Awareness of visual field defects is limited, with the
patient frequently not being cognizant of any defect
until the scotoma is considerably large and already
includes central vision because of fovea involvement
of the lesion. This can be partly explained by cortical
completion (the “filling-in phenomenon”).*® The cor-
relation between scotoma size and detection rate has
been demonstrated by Schuchard.’® In addition, ex-
perimental studies performed on cats and monkeys
have demonstrated a direct correlation between retina
lesion size and the ability of the brain to perform
completion.®

2. Theinability to properly maintain fixation while test-
ing the peripheral visual field.

3. The crowding effect caused by the multiple lines that
are peripherally presented in the Amsler grid, causing
low sensitivity of the test and adding to its poor
performance.*

4. The noninteractive nature of the Amdler grid, render-
ing it unsuitable for monitoring patients, because fac-
tors such as quality of examination performance and
reliability measures cannot be assessed.

5. Low compliance to perform the Amdler grid at home.

To try and address some of these shortcomings a new
method using the hyperacuity function, the Macular Com-
puterized Psychophysical Test (MCPT) was developed to
evaluate the central macular visua field and potentially
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Figure 2. Demonstrates test results of a 75-year-old woman with a visual
acuity of 20/80 in her left eye. Fundus examination revealed a subfoveal
area of retinal pigment epithelium (RPE) elevation, more pronounced
superonasal to the fovea. A, Early phase frame of fluorescein angiogram
shows subfoveal mottled area of hyperfluoresence, more intense superona-
sally, with increasing hyperfluorescence in the late phase frames, B,
compatible with the diagnosis of subfoveal choroidal neovascularization.
The MCPT, C, demonstrates a visual field defect at a lower temporal area
(corresponding to the superonasal area of intense hyperfluorescence).

provide early detection of neovascular AMD. Hyperacuity
(also termed “Vernier acuity”) is defined as the ability to
perceive a difference in the relative spatial localization of
two or more visual stimuli.?*%* Hyperacuity threshold may
be as low as 3 to 6 seconds of arc,*>2% and the hyperacuity
stimuli are highly resistant to retinal image degradation and
thus suitable for assessing retinal function in patients with
opague media as well.>**® No systematic variation of hy-
peracuity threshold had been found with increasing agein a
study %roup of patients whose age ranged from 20 to 85
years.?® Retinal pigment epithelium (RPE) elevation, such
as that which occurs in AMD, causes a shift in the regular
position of photoreceptors. Hypothetically, such a shift
would cause an object to be perceived at a different location
fromitstrue location in space. This perceived shift in object
location recorded by the MCPT takes advantage of the
human phenomenon of hyperacuity and may be, in fact, the
anatomic explanation for metamorphopsia. The aim of this
study was to evaluate the MCPT in patients with AMD.

Methods

The study was approved by the institutional review board, and all
prospective patients signed a written informed consent to partici-
pate.

Subjects

The five study groups consisted of patients who had non-neovas-
cular AMD without high-risk characteristics (HRC, defined as the
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Figure 3. Comparison between detection rate of the Macular Computerized Psychophysical Test (MCPT) and Amsler grid. AMD = age-related macular
degeneration; CNV = choroidal neovascularization; GA = geographic atrophy; HRC = high-risk characteristics.

presence of six or more large drusen), non-neovascular AMD with
HRC, non-neovascular AMD with geographic atrophy (GA, de-
fined as a well-demarcated area of atrophy of the RPE in which
larger choroidal vessels could be seen), or neovascular AMD
(defined on fluorescein angiography), al within 3000 um from the
foveal geometric center, as well as a group of patients who
attended the same outpatient clinic but had no macular findings.
They were all 50 years of age or older. The patients with corrected
visual acuity lessthan 20/200, with retinal disease other then AMD
or optic nerve disease, or any significant media opacity precluding
a clear view of the macular area on biomicroscopy or fundus
photography were excluded from the study.

Classification Protocol

The group of patients with no retinal disease were diagnosed and
classified solely according to the clinical examination of a retina
specidist, and some of the patients with non-neovascular AMD
were diagnosed and classified solely according to the clinica
examination of a retina specialist. All neovascular AMD patients
were classified after confirmation of the diagnosis by fluorescein
angiography that had been performed as part of standard care, not
specifically for the purpose of this study. In these cases, the
fluorescein angiograms were performed after the completion of
study procedures.

Equipment and Methodology

The MCPT was operated on a standard PC with an ordinary mouse
and keyboard. The patient or examiner generated the stimuli by
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bringing a cursor to a point on the screen. This task initiated a
stimulus and simultaneously forced fixation (specificaly, task-
oriented fixation). A virtual line composed of dots (white dots on
a black background, maximal contrast) appeared at random order
across different macular loci to a perifovea radius of 7°. If the
virtual line is projected to a retina lesion, the subsequent swift
change of fixation by the patient enables any existing distortion,
scotoma, and/or blurring to be perceived by the patient.

Any existing visual field defect was recorded immediately if
the virtual line was perceived as being partly misaligned, blurry, or
missing. The patient’s responses were recorded and automatically
analyzed by a specially developed algorithm. Flash duration alters
the sensitivity of the test. For flash durations of =180 ms (the
average duration for theinitiation of a saccade), the dots located on
aretinal lesion theoretically should be perceived as being either
misaligned or missing for a short duration until the fovea refixates
on the virtual line. This shift in fixation theoretically should cause
the apparent movement of these dots from a misaligned position to
an aligned one, thus giving the patient the perception of movement
(unpublished data). For flash durations = 180 ms, such apparent
movement could be extinguished and the sensitivity of the test
reduced as the flash duration is decreased.

Figure 1 shows an example of a patient performing the MCPT.
Using a PC mouse, patients were instructed to click on a centra
dot, after which a virtua line was seen on the screen. Task-
oriented fixation was incorporated to try to eliminate the tiresome
need for continuous fixation. When misaligned/missing dots were
perceived, the patient marked them on the screen by using the
keyboard or the mouse. The algorithm developed was used to
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Table 1. Macular Computerized Psychophysical Test and
Amsler Grid Test Results Stratified by Groups

Macular
Computerized
Psychophysical No. of P
Test Amsler Patients value*
Controls P P 0
N N 47
P N 3
N P 1
51 0.32
Early AMD, no HRC P P 3
N N 10
P N 5
N P 0
18 0.02
Early AMD with HRC P P 3
N N 7
P N 25
N P 0
35  <0.0001
GA P P 7
N N 2
P N 14
N P 0
23 <0.0001
CNV P P 11
N N 2
P N 19
N P 0
32 <0.0001

*McNemar’s test.

AMD = age-related macular degeneration; HRC = high-risk character-
istics; N= negative; N N = No. of patients with negative findings in both
tests; N P = No. of patients with negative findings in the MCPT and
positive findings in the Amsler grid; P = positive; P N = No. of patients
with positive findings in the MCPT and negative findings in the Amsler
grid; P P = No. of patients with positive findings in both tests; .

automatically analyze patient’s responses, perform verification of
indistinct areas, and delineate the disease stage.

Although RPE €elevation could be both part of non-neovascular
AMD (caused by drusen) or neovascular AMD (caused by fibro-
vascular elevation of the RPE), the elevation usually should be
different in magnitude. Therefore, different threshold sensitivities
should be used to differentiate among different disease stages.

Technicians conducted most of the test sessions. In addition, to
study the patient’s own performance, a subset of 36 (33%) ran-
domly chosen AMD patients conducted the test independently
after undergoing brief training in its use. The test was performed
on a standard PC screen, 1024 horizontal, 768 vertical with the
patient's own near correction, and at a distance of 0.5 m. Each
subject also underwent a supervised Amder grid examination in
which the perception of distortion, scotoma, or blurring was con-
sidered positive. One hundred fifty-nine eyes of 159 consecutive
patients were examined at the Tel-Aviv Medical Center and Mac-
cabi Eye Ingtitute, Tel-Aviv, Isradl.

Statistics

The statistical analysis was performed using the IMP (SAS) pro-
gram. McNemar’ s test was used to examine statistically significant
association.

Table 2. Sensitivity, Specificity, Positive Predictive Value, and
Negative Predictive Value Calculated for Each of the Age-
Related Macular Degeneration Groups for both the Amsler and
Macular Computerized Psychophysical Test

Macular
Computerized
Psychophysical
Test Amsler Grid

Early AMD, no HRC D+ D—- D+ D—-
T+ 8 3 T+ 3 1
T- 10 48 T- 15 50

Sensitivity 44.44% 16.67%

Specificity 94.12% 98.04%

PPV 12.713% 75.00%

NPV 82.76% 76.92%

Early AMD with HRC D+ D— D+ D—
T+ 28 3 T+ 3 1
T— 7 48 T- 32 50

Sensitivity 80.00% 8.57%

Specificity 94.12% 98.04%

PPV 90.32% 75.00%

NPV 87.27% 60.98%

GA D+ D- D+ D—
T+ 21 3 T+ 7 1
T-— 2 48 T- 16 50

Sensitivity 91.30% 30.43%

Specificity 94.12% 98.04%

PPV 87.50% 87.50%

NPV 96.00% 75.76%

CNV D+ D— D+ D—
T+ 30 3 T+ 11 1
T— 2 48 T— 21 50

Sensitivity 93.75% 34.38%

Specificity 94.12% 98.04%

PPV 90.91% 91.67%

NPV 96.00% 70.42%

AMD = age-related macular degeneration; CNV = choroidal neovascu-
larization; D+ = with AMD; D— = without AMD;
GA = geographic atrophy; HRC = high-risk characteristics; T+ = the
test result was positive; T— = the test result was negative. PPV = Positive
Predictive Value; NPV = Negative Predictive Value.

Results

In this pilot study, 108 eyes of 108 AMD patients and 51 eyes of
51 control patients with no retinal disease were examined. Ninty-
four (60%) were women. Average age was 74 years, (median, 75;
range, 52-101). Of the four groups of AMD patients, 32 (30%) had
CNV (see example in Figure 2), 23 (21%) had GA, 35 (32%) had
early AMD with HRC, and 18 (17%) had early AMD without
HRC. The average visua acuity was 20/50 (median, 20/50; range,
20/20—-20/120) in the CNV group, 20/40 (median, 20/40; range,
20/25—- 20/200) in the GA group, 20/40 (median, 20/50; range,
20/20—-20/120) in the early AMD with HRC group, 20/40 (median,
20/40; range, 20/20—20/75) in the early AMD without HRC group,
and 20/40 (median, 20/40; range, 20/20—20/120) in the control
group.

The comparison between the detection rate of AMD-related
lesions using the MCPT and the Amsler grid is shown in Figure 3.
The MCPT was positivein 30 patients (94%) with CNV, 21 (91%)
with GA, 28 (80%) with HRC, and 8 (44%) with early non-HRC
AMD. The Amdler grid was positive in 11 patients (34%) with
CNV, 7 (30%) with GA, 3 (9%) with HRC, and 3 (17%) with early
non-HRC AMD. Differences in detecting AMD-related lesions
ranged from 0.32 in normal patientsto <0.001 in early AMD with
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HRC, CNV, and GA (Table 1). Of the 51 control eyes, 3 (6%)
were positive on the MCPT and 1 (2%) was positive on the Amsler
grid. The time to complete the MCPT was approximately 4 min-
utes when conducted by a technician and about 3 minutes when
carried out by patients. Table 2 outlines the sensitivity, specificity,
positive predictive value, and negative predictive value for each of
the AMD subgroups, for both the MCPT and the Amsler grid.

Discussion

In this study, the MCPT had a greater positive predictive
value and sensitivity compared with the Amsler grid in
detecting AMD-related lesions. The algorithm produced an
online automatic analysis and provided areal-time objective
result according to the patient’s responses. Moreover, the
results confirmed the observations of others regarding the
poor validity of the Amdler grid in detecting the neovascular
form of AMD.**%°

The study has few limitations: the technician was aware
of the diagnosis of the tested eye, the method of diagnosis
was not consistent (it consisted of color photos performed
only in some of the patients with non-neovascular AMD and
of fluororescein angiography only in cases of neovascular
AMD), and visual acuity examinations were not standardized.
A multicenter study is underway to address these limitations.
The false-positive rate in the two methodsisrelatively low and
similar. The somewhat higher false-positive rate found in the
MCPT might have been due to the suprathreshold sensitivity in
which the MCPT was performed.

This study did not differentiate MCPT results between
the examined test groups. Although the results indicate
differences among the tested groups, validation of the abil-
ity of the MCPT to differentiate between groups awaits
further studies, which are currently in progress.

References

1. Klein R, Klein BEK, Linton KLP. Prevalence of age-related
maculopathy. The Beaver Dam Eye Study. Ophtha mology
1992;99:933-43.

2. Pizzarello LD. The dimensions of the problem of eye disease
among the elderly. Ophthalmology 1987;94:1191-5.

3. Bressler NM, Bressler SB. Preventive ophthalmology. Age-
related macular degeneration. Ophthalmology 1995;102:
1206-11.

4. A randomized, placebo-controlled, clinical tria of high-dose
supplementation with vitamins C and E, beta carotene, and
zinc for age-related macular degeneration and vision loss.
AREDS report no 8. Age-related Eye Disease Study Research
Group. Arch Opthalmol 2001;119:1417-36.

5. FerrisFL 11, Fine SL, Hyman L. Age-related macular degen-
eration and blindness due to neovascular maculopathy. Arch
Ophthalmol 1984;102:1640-2.

6. Argon laser photocoagulation for neovascular maculopathy.
Five-year results from randomized clinical trials. Macular
Photocoagulation Study Group. Arch Ophthalmol 1991;109:
1109-14.

7. Laser photocoagulation for juxtafoveal choroidal neovascular-
ization. Five-year results from randomized clinical trials. Mac-
ular Photocoagulation Study Group. Arch Ophthalmol 1994;
112:500-9.

970

8. Laser photocoagulation of subfoveal neovascular lesions of
age-related macular degeneration. Updated findings from two
clinical trials. Macular Photocoagulation Study Group. Arch
Ophthlamol 1993;111:1200-9.

9. Photodynamic therapy of subfoveal choroidal neovasculariza-
tion in age-related macular degeneration with verteporfin.
One-year results of 2 randomized clinical tridls—TAP report
1. Treatment of Age-related Macular Degeneration with Pho-
todynamic Therapy (TAP) Study Group [published erratum
appearsin Arch Ophthalmol 2000;118:488]. Arch Ophthalmol
1999;117:1329—45.

10. Photodynamic therapy of subfoveal choroidal neovasculariza-
tion in age-related macular degeneration with verteporfin.
Two-year results of 2 randomized clinical trials— TAP report
2. Treatment of Age-Related Macular Degeneration with Pho-
todynam (TAP) Study Group. Arch Ophthalmol 2001;119:
198-207.

11. Photodynamic therapy of subfoveal choroidal neovasculariza-
tion in pathologic myopia with verteporfin. 1-year results of a
randomized clinical trial—VIP report no. 1. Verteporfin in
Photodynamic Therapy Study Group. Ophthalmology 2001;
108:841-52.

12. Verteporfin therapy of subfoveal choroidal neovascularization
in age-related macular degeneration: two-year results of a
randomized clinical trial including lesions with occult with no
classic choroidal neovascularization—V erteporfin in Photody-
namic Therapy Report 2. Verteporfin in Photodynamic Ther-
apy Study Group. Am J Ophthalmol 2001;131:541—60.

13. Bressler NM, Bressler SB, Gragoudas ES. Clinical character-
istics of choroidal neovascular membranes. Arch Ophthalmol
1987;105:209-13.

14. Fine SL. Early detection of extrafovea neovascular mem-
branes by daily central field evaluation. Ophthalmology 1985;
92:603-9.

15. Fine AM, Elman MJ, Ebert JE, et a. Earliest symptoms
caused by neovascular membranes in the macula. Arch Oph-
thamol 1986;104:513—4.

16. Achard OA, Safran AB, Duret FC, Ragama E. Role of the
completion phenomenon in the evaluation of Amder grid
results. Am J Ophthalmol 1995;120:322-9.

17. Wall M, Sadun AA. Threshold Amdler grid testing. Cross-
polarizing lenses enhance yield. Arch Ophthalmol 1986;104:
520-3.

18. Roy MS. Vision loss without Amsler grid abnormalities in
macular subretinal neovascularization. Ophthalmologica
1985;191:215-7.

19. Schuchard RA. Validity and interpretation of Amsler grid
report. Arch Ophthalmol 1993;111:776—80.

20. Gilbert CD, Wiesel TN. Receptive field dynamics in adult
primary visual cortex. Nature 1992;356:150—-2.

21. Parkes L, Lund J, Angelucci A, et al. Compulsory averaging
of crowded orientation signals in human vision. Nat Neurosci
2001;4:739—-44.

22. Kaas JH, Krubitzer LA, Chino YM, et a. Reorganization of
retinotopic cortical maps in adult mammals after lesions of the
retina. Science 1990;248:229-31.

23. Westheimer G. The spatial sense of the eye. Proctor lecture.
Invest Ophthalmol Vis Sci 1979;18:893-912.

24. Enoch JM, Williams RA, Essock EA Barricks M. Hyperacuity
perimetry. Assessment of macular function through ocular
opacities. Arch Ophthalmol 1984;102:1164-8.

25. Baraldi P, Enoch JM, Raphael S. Vision through nuclear and
posterior subcapsular cataract. Int Ophthalmol 1986;9:173-8.

26. Lakshminarayanan V, Aziz S, Enoch JM. Variation of the
hyperacuity gap function with age. Optom Vis Sci 1992;69:
423-6.



	Replacing the Amsler GridA New Method for Monitoring Patients with Age-related Macular Degeneration
	Methods
	Subjects
	Classification Protocol
	Equipment and Methodology
	Statistics

	Results
	Discussion
	References


