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ABSTRACT

Purpose: To compare the preferential hyperacuity perimeter (Preview
PHP; Carl Zeiss Meditec, Dublin, CA) with the original Amsler grid in the
detection of choroidal neovascularization (CNV) in patients with agerelated macular degeneration (AMD). Methods: Patients were classified
into groups, based on the severity of the age-related macular degeneration
and underwent preferential hyperacuity perimeter and Amsler grid testing.
High sensitivity and or high specificity of a method were defined as the
observation of at least 80% of each one the parameters. Results: Sixty-five
patients (65 eyes) were analyzed statistically. The sensitivity of detection
of choroidal neovascularization was 70% by the Amsler grid and 90% by
the preferential hyperacuity perimeter and the specificity of the Amsler
grid was 85.5% and that of the preferential hyperacuity perimeter 81.8%.
Conclusions: The preferential hyperacuity perimeter has greater sensitivity
than the Amsler grid in the detection of choroidal neovascularization
among patients over 50 years of age and is a promising method for
monitoring patients with age-related macular degeneration. Although
the original Amsler grid is less sensitive, it is a portable method, not
expensive, accessible and presents reasonable sensitivity and high
specificity in the diagnosis of choroidal neovascularization. Its use can
be recommended for self-monitoring in patients with age-related macular
degeneration as an alternative to preferential hyperacuity perimeter and
when this method is not available.
Keywords: Macular degeneration; Vision tests; Choroidal neovascularization; Perimetry/
methods; Patient selection; Comparative study

INTRODUCTION

Age-related macular degeneration (AMD) constitutes the greatest cause of
legal blindness in the Western world, in people older than 65 years of age(1). It
is estimated that in the United States, approximately 6% of the population,
over 40 years, present characteristics of intermediate AMD (at least 1 drusen
higher than or equal to 125 µm in one of the eyes) and that about 1% of the
population, in this age bracket, present neovascular AMD(2). The neovascular
form of AMD is the one that is more closely related to the deterioration of
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central vision, being responsible for the majority of the cases of
severe visual loss attributed to the disease(3).
The current treatments available for neovascular AMD
involve the use of laser photocoagulation(4), photodynamic
therapy with verteporfin(5) and antiangiogenic treatment with
pegaptanib(6) and ranibizumab(7) besides drugs that are under
investigation or in experimental use(8-9). The importance of
early recognition of the choroidal neovascularization (CNV)
secondary to AMD was made evident by a study in which it
was shown that photodynamic therapy showed better visual
results when applied to the smaller lesions at the time of
diagnosis (10).
The Amsler grid was initially introduced in 1947 as a
method for clinical evaluation of patients with macular diseases(11). This device has been commonly used in clinical
practice, especially for the self-monitoring of patients with
non-neovascular AMD, alerting the patient to the possible
appearance of CNV. Previously published studies, however,
question the reliability of its use in the detection of macular
afflictions, principally due to the possibility of the loss of
fixation and the cortical completion phenomena described
with its use(12-14).
The preferential hyperacuity perimeter (PreView PHP, Carl
Zeiss Meditec, Dublin, CA) was developed for the monitoring
and detection of the progression of AMD in the non-neovascular form to the neovascular form. The PHP is based on the
principle of Vernier acuity or hyperacuity, that is the capacity
to perceive a small difference in the spatial localization of two
or more stimuli(15). This property would permit the detection of
an eventual metamorphopsia caused by the displacement of
photoreceptors by the CNV or by the separation of the pigment
epithelium or neurosensory retina caused by it.
Loewenstein et al.(16), described the use of PHP for the first
time in monitoring patients with AMD, having shown the
greater sensitivity of the method in detecting macular alterations than the Amsler grid, whose results were later confirmed
by a multicenter, controlled study. Recently, the high sensitivity and specificity of the method in the differentiation
between patients with intermediate AMD and recent-onset
CNV, were described(17).
In the first two studies regarding the use of the PHP(15-16), a
greater sensitivity in the monitoring of patients with AMD by
PHP than by the Amsler grid was found. However, both studies used the black-on-white Amsler grid (black grid on white background)(18). Recently, a comparsion of the use of the
original Amsler grid (white grid on black background) and
the modified Amsler grid (black-on-white) in patients with
AMD was performed(11). This study determined the higher
sensitivity of the original Amsler grid than the modified
Amsler grid, thereby recommending its use in the self-monitoring of macular diseases.
This study has the objective of comparing the original
Amsler grid to the PHP in the detection of secondary CNV to
AMD in a group of patients over 50 years of age and in
different stages of AMD.
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METHODS

This study was carried out in the Ophthalmology Department of the Federal University of Goias (Goiânia, Brazil)
between June 1, 2005 and May 5, 2006. The protocol was
previously approved by the Institutional Review Board (IRB)/
the Ethics Committee of this institution and all of the patients
included in the study read and signed the informed consent.
The criteria for inclusion were over 50 years of age, best
corrected visual acuity (BCVA) equal or better than 20/160
(0.125 decimal) and presumed physical and mental aptitude
for performing the tests of PHP and the Amsler grid. Patients
with visual acuity lower than 20/160 (minimum visual acuity
described for the performing of PHP) were excluded from the
sample(15,17), as well as those with any macular disease other
than AMD, media opacities that impede biomicroscopic evaluation of the macula or that impeded the carrying out of
fundus photography, myopia higher than 6 diopters, patients
who are recognized to have glaucoma, evidence of geographic
atrophy (with diameter ≥100 µm) in the study eye, ocular
surgery less than three months previously, vitreous-retinal or
previous treatment for neovascular AMD at any time.
The patients were classified into groups: no AMD, mild
AMD, intermediate AMD and neovascular AMD based on the
definitions used in the AREDS study(19) (Table1). All patients
were examined and classified by one retinal specialist, later
the classification was confirmed by a second and masked
examiner through fundus photography analysis. In case there
was no agreement about the diagnosis by the examiners, the
patient was excluded from the analysis. After the fundoscopy
examination, all patients were submitted to red-free and color
fundus photography (Topcon TRC-50x/Imagenet 1024, Tokyo, Japan). Fluorescein angiography (FA) was performed if
there was a suspicion of CNV or if the patient presented
positive results in the PHP and or Amsler grid examinations.
This analysis defined the gold standard parameter for later
statistical analysis. If a patient presented both eyes eligible
for the study, one of the eyes was included randomly, except
if one of the eyes presented CNV, which would fall within the

Table 1. Definitions of patient groups

Group
No AMD

Mild AMD

Intermediate AMD

Neovascular AMD

Definition
Less than 5 small drusen (<63 µm)
within 3000 µm from foveal center in
the study eye
More than 5 small drusen and/or less
than 5 intermediate drusen (≥63 µm
but ≤125 µm) within 3000 µm from
foveal center in the study eye
More than 5 intermediate drusen and
any large drusen (≥125 µm) within
3000 µm from foveal center in the study
eye
Active CNV with less than 50% fibrotic
component and visual acuity ≥20/160
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criteria for inclusion. In these cases, the eye with CNV was
the included one.
Amsler grid testing
A white grid on a black background was used. The grid
represents a 10x10 cm square containing 400 single squares
equally distanced with a white dot (fixation point) in the
center of the grid. A single examiner presented the Amsler
test to the patient using a +3.00 diopters addition to the
patient’s refraction (33 cm from patients’ eyes). Five standard
questions were asked based on questions from a previous
study(15) (Table 2). If any scotoma, blurred lines or metamorphopsia were detected the test was considered positive. All
patients were tested with undilated pupils.
PHP testing
The PHP tests have a central visual field with approximately 500 data points sampled 3 to 5 times. Multiple dotted
lines with artificially generated distortions are presented,
flashed in an order that appears to be random to an observer(17). The patient is asked to touch the screen right on the
distorted lines. During a brief tutorial it is explained that
multiple distortions or even none at all could be seen on the
dotted lines. After 46 to 102 presented signals the internal
algorithm compares the visual field defect intensity to a
normative database and following the algorithm analysis, the
result indicates Yes or No for detection of CNV(15,17). All
patients had undilated pupils. If any test was considered
unreliable, the results were excluded from the sample. In
table 3 the reliability criteria from the findings of false positive and false negative, described in the instructions for
using the machine are listed.
Statistical analysis
Total accuracy, sensitivity, and specificity were calculated
with their respective 95% confidence intervals on the Amsler
grid and the PHP in the detection of CNV. The area under the
ROC curve was used to determine accuracy. High sensitivity
and or high specificity of a method were defined as the observation of at least 80% of each of the parameters, with 95%
confidence intervals. Only the age variable showed a normal
distribution by the Kolmogorov-Smimoff test, being analyzed

Table 2. Questions presented during Amsler grid test

1. Do you see the white spot in the center of the square chart?
2. Keeping your eye fixed on the white spot, can you see the four
corners of the squares?
3. Keeping your eye fixed on the white spot, can you see all the small
squares? Are they intact?
4. Keeping your eye fixed on the white spot, can you see any black
spots or holes, blurred areas or distorted lines?
5. Keeping your eye fixed on the white spot, would you be able to
point the defects exact location on the grid? (Asked if there was
an affirmative answer to question 4)
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Table 3. Reliability of a PHP examination based on findings of false
positives and negatives

False Positive/
1
2
3
False Negative
PHP result= Yes
1
Reliable Unreliable Unreliable
2
Reliable Unreliable Unreliable
3
Unreliable Unreliable Unreliable
PHP result= No
1
Reliable
Reliable Unreliable
2
Unreliable Unreliable Unreliable
3
Unreliable Unreliable Unreliable

None
detected
Reliable
Unreliable
Unreliable
Reliable
Unreliable
Unreliable

by the analysis of variance (ANOVA). All other variables, not
parametric, were evaluated by the Kruskall-Wallis test. A
p<0.05 or a confidence interval (CI) of 95% was considered
significant. The SPSS software, version 11.0.1 (SPSS Inc, Chicago, IL, USA) was used for the statistical analysis.
RESULTS

Sixty-five patients (65 eyes) were statistically analyzed,
after the criteria of inclusion/exclusion were applied, agreement between the examiners as to the definition of the groups
and the patients excluded for not obtaining reliable tests
(reliability). Of these, 34 (52.3%) were women. The mean age
± SD was 67 years ±8.15 (range, 55-85 years). Best corrected
visual acuity (decimal) ranged from 1.0 to 0.15 (median 0.8).
The distribution of the number of patients, sex, average age
and visual acuity in the groups can be found listed in table 4.
There was no difference among the groups in relation to the
age (p=0.09) and sex (p=0.73). There was a statistically significant difference in relation to visual acuity (p<0.01).
From the total number of analyzed patients, 15 (23.1%)
were positive in the Amsler grid and 19 (29.2%) were positive
in PHP. In the no AMD group there were no positive patients
in the Amsler grid and 4 patients (26.7%) were positive in
PHP. In the mild AMD group 4 patients were positive in the
Amsler grid and 4 patients (18.2%) were positive in PHP.
Among the patients from the intermediate AMD group, 4
patients (22.2%) were positive in the Amsler grid and 2 patients (11.1%) were positive in PHP, while in the neovascular
AMD group 7 patients (70%) were positive in the Amsler grid
and 9 patients (90%) were positive in PHP.
The detection sensitivity for CNV among the studied
patients was 70% (95% confidence interval [CI], 58.9%81.1%) in the Amsler grid and 90% (95% CI, 82.7%-97.3%)
in PHP. The specificity of the Amsler grid was 85.5% (95%
CI, 76.9%-94.1%) and of the PHP 81.8% (95% CI, 74.4%91.2%). The accuracy of the Amsler grid was77.7% (95% CI,
60.1%-95.4%) and of the PHP 85.9% (95% CI, 73.5%-98.4%).
There was no significant statistical difference between the
specificity and the accuracy of the methods. In figure 1 one
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Table 4. Characteristics of studied groups

Visual
acuity
Sex
Age
n (%)

Median
Interquartile range
Male n (%)
Female n (%)
Mean (±SD)

No AMD
1.00
0.20
7 (46.7%)
8 (53.3%)
64.7 (±5.20)
15 (23.10%)

Mild AMD
0.80
0.43
10 (45.5%)
12 (54.5%)
67.3 (±33.80)
22 (33.80%)

Groups
Intermediate AMD
0.70
0.30
10 (55.6%)
08 (44.4%)
66.0 (±10.13)
18 (27.70%)

p
Neovascular AMD
0.18
0.14
4 (40%)
6 (60%)
71.7 (±7.93)
10 (15.40%)

p<0.01
p=0.73
p=0.09
65 (100%)

AMD= Age-related macular degeneration; SP= standard deviation

Figure 1 - ROC curve of PHP and Amsler grid

can observe the pattern of the ROC curve on comparison
between the Amsler grid and the PHP with the gold standard.
DISCUSSION

This study shows that PHP presents a greater sensitivity
than the original Amsler grid in the detection of CNV secondary to AMD. However, there was no statistically significant
difference between the methods in relation to specificity and
accuracy.
A previous study that compared the use of PHP to the
angiographic diagnosis of CNV(17) determined the high sensitivity (82% [95% CI, 70%-90%]), specificity (88% [95% CI,
76%-95%]) and accuracy of 84% of PHP in the detection of
CNV in a group made up of patients with intermediate AMD
and recent-onset neovascular AMD. The results obtained by
PHP in that study were similar to those obtained in the present study, sensitivity (90%), specificity (81.8%) and accuracy (85.9%). This study however, evaluated the capacity
of detection of CNV comparing the PHP to the gold standard
(diagnosis of CNV). In that study, however, there was no
comparison of PHP to another existing method of monito-
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ring, such as the Amsler grid. When we compare the PHP to
the original Amsler grid the PHP proved itself to have greater
sensitivity than the original Amsler grid in the diagnosis of
CNV among patients over 50 years of age. However there was
no difference, in this sample, regarding the specificity and
accuracy of the two methods in the diagnosis of CNV.
A multicenter clinical trial(15) compared PHP to the modified Amsler grid (black grid on white background) in patients
with AMD. In this study the greater sensitivity of the PHP in
relation to the Amsler grid was observed in the detection of
AMD-related lesions. The authors observed 100% positivity
with PHP and 53% with the use of the modified Amsler grid in
patients with CNV. The difference in sensitivity with the
Amsler grid in Goldstein’s study compared to our study may
be explained by Augustin’s finding of a greater sensitivity of
the original Amsler grid than the modified grid(11).
In a retrospective study(20), it was reported that 29 in 100
new cases of CNV attended in one institution had sought
treatment after having perceived alterations in the examination with the original Amsler grid. All 100 patients had been
instructed in previous consultations about the use of the
Amsler grid for self-monitoring. In Goldstein’s study(15) the
modified Amsler grid was used, having observed positivity in
53% of the patients with CNV, while in the present study 70%
of positivity was found when the original grid was used. A
different study design and analysis of the data do not permit a
direct comparison between the studies, but in the last two the
performance of the examination under the orientation and
observation of an examiner, with the asking of standard questions and constant observation of the fixation of the patient
may have been responsible for the greater sensitivity of the
method in the detection of CNV.
The PHP has been designed to detect the progression of
non-neovascular AMD to the neovascular form. In this study,
however, positive results were observed in all the groups of
patients with non-neovascular AMD in PHP even without
evidence of CNV on fluorescein angiography (FA). Among
the studied groups positivity of PHP was observed in 4
(26.7%) patients in the no AMD group, 4 (18.2%) in the mild
AMD group and 2 (11.2%) patients in the intermediate AMD
group. All tested patients were submitted to the PHP examination for the first time. It is possible that, the similarity to
the other types of perimetry, the PHP also presents the so
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called “learning effect” in which the findings of the following examinations become even better than those obtained
with the dependable baseline(21-22).
Some limitations can be identified in the present study.
Besides the relatively small number of analyzed patients, we
can mention the fact that the examiner responsible for applying PHP and the Amsler grid was aware of the diagnosis.
The FA is recognized as the gold standard for the diagnosis of
CNV secondary to AMD(15). However in this study the FA was
used in cases of clinical suspicion of CNV or when PHP or
Amsler grid test showed positive results. Not performing FA
in all patients may have allowed for missing the diagnosis of
CNV in some subtle cases.
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Apesar de a tela de Amsler original ser menos sensível, é
método portátil, financeiramente acessível, e apresenta razoável sensibilidade e alta especificidade no diagnóstico da
neovascularização de coróide. Sua utilização pode ser recomendada para o automonitoramento de pacientes com degeneração macular relacionada à idade como alternativa ao
perímetro de hiperacuidade preferencial.
Descritores: Degeneração macular; Testes visuais; Neovascularização coroidal; Perimetria/métodos; Seleção de pacientes; Estudo comparativo
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