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ORIGINAL ARTICLE

Repeatability of contrast sensitivity testing in patients with age-related macular

degeneration, glaucoma, and cataract

Reprodutibilidade dos escores de sensibilidade ao contraste em pacientes com
degeneraciao macular relacionadas a idade, glaucoma e catarata

SeLcuk Kara!, BARAN GENCER!, IsMAIL ERsAN!, SEDAT ARIkaN', OMER KocaBIvik!, HasaN ALl TuFan!, ARzuTASKIRAN ComEz!

ABSTRACT

Purpose: To analyze the intrasession and intersession repeatability of contrast
sensitivity (CS) measurements in patients with glaucoma, cataract, or age-related
macular degeneration (AMD) and healthy controls.

Methods: CS measurements were performed using the OPTEC-Functional Vision
Analyzer (FVA), which uses a standardized and closed (view-in) system. Measu-
rements for patients with glaucoma, cataract, or AMD and healthy controls were
repeated within 30 minutes (intrasession) and during two sessions (intersession),
separated by one week to one month. Test-retest reliability and correlation were
measured using the intraclass correlation coefficient (ICC) and coefficient of
repeatability (COR).

Results: Ninety subjects (90 eyes) with visual acuity of 0.17 logMAR or higher in
the cataract group or 0.00 logMAR in the other groups were included. During the
first session, the ICC values were 0.87, 0.90, 0.76, and 0.69, and COR values were
0.24, 0.20, 0.38, and 0.25 for the control, glaucoma, cataract, and AMD groups,
respectively. Thereliability scores significantly improved during the second session,
exceptinthe glaucoma group. There was an acceptable floor effect and no ceiling
effect at higher frequencies in the glaucoma and AMD groups.

Conclusion: In subjects with good visual acuity, the FVA system is useful for eva-
luating CSand demonstrates good repeatability, as shown by ICCand COR. Because
there is no ceiling effect, this system is beneficial for evaluation of early changes
in CS, particularly in patients with glaucoma or AMD.

Keywords: Macular degeneration; Contrast sensitivity; Glaucoma; Age effect; Re-
producibility of results

RESUMO

Objetivo: Analisar a reprodutibilidade intrassessdo e intersessdo das medidas de
sensibilidade ao contraste (CS) em pacientes com degeneragdo macular relacionada
aidade (AMD), glaucoma e catarata.

Método: As medidas de CS foram feitas pelo OPTEC-Funcional VisGo Analyzer (FVA),
que utiliza um sistema padronizado e fechado de avaliacdo da acuidade visual.
Medidas em pacientes com AMD, glaucoma, catarata e nos controles sauddveis
foram repetidas no prazo de 30 minutos (intrassessdo) em duas visitas (intersessao),
separadas por uma semana a um més. A confiabilidade e correlacdo teste-reteste
foram calculados por meio do coeficiente de correlacao intraclasse (ICC) e coeficiente
de reprodutibilidade (COR).

Resultados: Noventa olhos de 90 individuos foram recrutados com acuidade visual
de 0,17 logMAR ou melhor em catarata e 0,00 logMAR nos outros grupos. A confiabili-
dade da CS na primeira visita dos grupos normal, glaucoma, catarata e AMD foram,
respectivamente, ICC 0,87; 0,90; 0,76, 0,69, e COR 0,24; 0,20; 0,38; 0,25. Os indices de
confiabilidade foram significativamente melhorados nas sequndas visitas, exceto no
grupo glaucoma. Houve um efeito chdo aceitdvel e nenhum efeito teto em frequéncias
mais altas nos grupos glaucoma e AMD.

Conclusées: Em individuos com boa acuidade visual, o sistema FVA de avaliagdo da
CS é util e apresenta boa confiabilidade, como mostrado pelas andlises de ICC e COR.
Por ndo apresentar efeito teto, este sistema parece ser benéfico para a avaliagéo das
alteragoes precoces de CS, especialmente no glaucoma e AMD.

Descritores: Degeneracdo macular; Sensibilidade de contraste; Glaucoma;, Fator
idade; Reprodutibilidade dos testes

INTRODUCTION

Contrast sensitivity (CS) is the ability to recognize small differen-
ces in luminance or differentiate two objects from each other and
the background®?. CS is an important part of functional vision that
is related to many activities of daily living and measuring it is one of
the best ways to assess vision quality®. Despite having normal visual
acuity measured by a Snellen chart, the satisfaction with the results
of refractive surgery may vary relative to CS, and some eye diseases
cause isolated loss of CS“5®. Snellen acuity tests have a limited abi-
lity to detect fine changes in contrast because high contrast letters
(black on white) are used®. Also, recent advances in knowledge
about refractive surgery, optical tissues, and glaucoma and macular
diseases revealed that the Snellen acuity test is inadequate for early

detection of eye diseases and measurement of functional vision®©'%12,
CS decreases in all stages of glaucoma and age-related macular
degeneration (AMD) have been documented using different testing
methods"'>">) Glaucoma, cataract, and AMD patients suffer from
problems in vision-related activities of daily living and the inability to
recognize targets in real world, which can be better identified by CS
tests than by visual acuity tests'¢'®, The increasing importance of
visual quality and the need for accurate measurement of visual acuity
has led to more interest in CS tests1921,

There are several clinical tests for measuring CS with letters or
gratings®?>?9_ A limitation of CS tests is low reliability associated with
varying environmental conditions and the subjective nature of the
tests. In particular, CS tests that use charts may be affected by ina-
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dequate or uneven lighting, fading, the subject’s learning curve, and
reflections*?, The Functional Acuity Contrast Test (FACT) assesses five
spatial frequencies (1.5, 3, 6, 12, and 18 cycles per degree (cpd)) and
9 levels of contrast for each frequency. FACT uses a small increment
(0.15 log unit) and a forced-choice method with three options®.
Although the FACT test has greater reliability compared with other
CS testing methods, administration of the CS test in a closed system,
with charts on the screen inside the device, with a Functional Visual
Acuity (FVA) device has additional advantages. These advantages
include the ability to display contrast charts in a random order and
the administration of the test with standardized lighting, which is
difficult to maintain under other conditions®?”). A CS test is expected
to have a good reliability to differentiate a small loss or detect real
progression, which can be better achieved by a closed test system,
which has inherently stable testing conditions.

To the best of our knowledge, there has been little research pu-
blished about the comparative reliability of these devices for healthy
controls and patients with eye disease. This study investigates the
repeatability of the closed system FVA CS test in control subjects and
in patients with glaucoma, cataracts and good Snellen visual acuity,
or age-related macular degeneration (AMD).

METHODS

This prospective, observational study included patients with
glaucoma, cataracts, or AMD and healthy control subjects. All subjects
were recruited from the Eye Clinic at Canakkale Onsekiz Mart Uni-
versity. Written informed consent was obtained from all participants
following a comprehensive explanation of the study. The research
was approved by the local clinical research ethics committee and
complied with the tenets of the Helsinki Declaration.

The study included subjects between 40 and 70 years old to faci-
litate enrollment of subjects with best corrected visual acuity (BCVA)
of 0.00 logMAR for the groups without cataracts. One eye of each
patient was included in the study. Subjects were not eligible to be
included if they had ocular diseases other than glaucoma, cataracts,
or AMD, refractive error <-3 or >3 diopters (D) sphere or >2.00 D cylin-
der, or a history of previous eye surgery or laser treatment. Patients
with psychiatric or neurologic disorders, poor compliance during
the CS test, or who used systemic or ocular medications could affect
CS were excluded. All patients underwent an ophthalmic examina-
tion, including auto refractometry, BCVA evaluation, anterior segment
biomicroscopy, funduscopy, and IOP, measured with a Goldmann
applanation tonometer (GAT).

The glaucoma group included subjects who were diagnosed
with primary open-angle glaucoma (POAG) or normotensive glauco-
ma (NTG). The inclusion criteria for patients with POAG were the cha-
racteristic visual field loss, glaucomatous optic neuropathy (having
rim thinning or notching, retinal nerve fiber layer defects, or disc
hemorrhage and disc asymmetry between the eyes >0.2), and intrao-
cular pressure (IOP) >21 mmHg. The inclusion criteria for patients
with NTG were visual field loss, glaucomatous optic neuropathy,
and IOP <21 mmHg. Glaucomatous visual field defects, which were
repeatable in at least two standard automated perimetry evaluations,
included at least one of the following: nasal step, arcuate scotoma,
paracentral scotoma, or temporal wedge. All glaucoma patients had
a grade 3 or 4 open angle according to the Shaffer Classification
System® and a mean deviation no worse than -6 dB.

In the cataract group, only eyes with a BCVA of 0.17 logMAR or
better and a nuclear sclerosis of less than grade 2 were included.
Nuclear sclerosis was graded by the slit-lamp method according to
the Lens Opacities Classification System 1%, The inclusion criteria for
the AMD group were retinal pigment epithelial abnormalities in the
form of hypopigmentation or hyperpigmentation, without evidence
of active choroidal neovascularization, and no prior treatment with
any anti-vascular endothelial growth factor injections. The control
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subjects had normal findings on a comprehensive eye examination
(including anterior segment biomicroscopy and fundoscopy of the
macula and optic nerve) and IOP <21 mmHg.

A closed-system CS testing device, the OPTEC-FVA (Stereo Optical
Co, Inc, Chicago, IL, USA), was used to examine CS values under daytime
without glare. Figure 1 shows the FVA CS testing device. The FVA has
rotating slide packages for other visual functions, including visual
acuity, disability glare, and stereo and color vision. The CS testing
device contains the FACT chart, which uses three orientations for the
gratings: oriented vertically or tilted 15° to the right or left. Subjects
identified the orientation of each grating and were required to guess
when they could not determine the orientation of gratings.

The CS testing device controls light levels with sensors to achieve
consistent conditions for each test. This device supplies a target lu-
minance level of 85 cd/m? for daytime conditions in compliance with
the American National Standards Institute (ANSI). It evaluates spatial
frequencies using sine-wave grating charts of 1.5, 3,6, 12,and 18 cpd.
Figure 2 presents the sine-wave gratings charts for the frequencies
that the CS testing device used. Contrast was defined according to
the Michelson formula (C = [Lmaxlmum - Lm\nimum]/[Lmaxwmum mlmmum]'
C: Contrast, L: Luminance)?. CS was measured during two sessions
separated by at least one week and up to one month (intersession).

—_—

i I T

AR T ".“' i
-!J.‘.i (1 HHH b\ .\__.I .\.lll

Right Up Left

Figure 2. Sine-wave grating charts in the view-in contrast sensitivity test device.




At each session, two measurements taken 30 minutes apart (intra-
session). All tests were performed with the optimum refractive cor-
rection and a natural pupil. All the subjects performed the CS test for
the first time during our study, and each test lasted approximately 10
minutes. The CS measurements were obtained by a single operator
who was blinded to the patient’s group.

All the CS values were converted to logarithmic values. The
test-retest reliability of the CS test was examined using the intraclass
correlation coefficient (ICC) and the coefficient of repeatability (COR)
and the corresponding 95% confidence interval (Cl). The ICC was cal-
culated with absolute agreement. The CORis calculated as 1.96 times
the standard deviation of the difference between the test and retest
scores. An ICC value of 1.0 and a COR value of 0.0 represent perfect
test-retest reliability®. Reliability analyses were performed within in-
dividual sessions and between sessions for all groups. Possible floor
and ceiling effects were evaluated by calculating the percentage of
subjects with lowest and highest test scores, respectively, for each of
the four tests at each spatial frequency and within each group.

Spearman rank-order correlations were used to investigate the
possible correlation between age and changes in CS score. The Wil-
coxon and Mann-Whitney U-tests were used to compare CS scores
between groups. The Bonferroni correction, which applies a statistical
significance level of 1/n times the "p"value (n=the number of com-
parisons), was used to test for multiple comparisons to ensure that an
appropriate level of significance was applied to the individual tests®.
Statistical analysis was performed using SPSS software (Windows
version 19.0; SPSS, Inc., Chicago, IL, USA), and statistical significance
was defined as p<0.05.

RESULTS

The analysis was included 90 eyes of 90 Caucasian subjects, in-
cluding healthy control (n=30; mean + standard deviation age 47.1
+ 6.7 years; 15 males), glaucoma (n=13; age 59.6 + 4.1 years; 8 males),
cataract (n=29; age 56.3 + 5.2 years; 14 males), and AMD (n=18; age
59.9 + 4.6 years; 9 males) groups.

The test-retest reliability of the CS test, including ICC and COR, is
shownintable 1.The reliability of the CS test in the control, glaucoma,
cataract, and AMD groups were good at the first session (ICC: 0.87
[95% Cl 0.84 -0.9], 0.90 [CI 0.84 -0.96], 0.76 [Cl 0.65 -0.87], and 0.69
[C10.59-0.79], respectively; and COR 0.24, 0.20, 0.38, and 0.25, respecti-
vely). However, at the second session, statistically significantincreases
were found in the reliability of the CS test, except in the glaucoma
group (ICC: 0.92 [C] 0.88 -0.96], p=0.042; 0.93 [CI 0.88 -0.98], p=0.461;
0.90 [Cl 0.86 -0.94], p=0.043; and 0.86 [CI 0.82 -0.9], p=0.043; and COR
of 0.16, 0.16, 0.24, and 0.21 in the control, glaucoma, cataract, and
AMD groups, respectively).

Figure 3 illustrates the mean CS score for all groups as a function
of spatial frequency. The CS scores for the AMD group were signifi-
cantly lower than for those in the control group at all frequencies
(significance of Bonferroni correction 0.012, p<0.001). In the glauco-
ma group, except at a frequency of 1.5 cpd, the CS scores were signi-
ficantly lower compared with control group (significance of Bonferroni
correction 0.012, p<0.012). There was also a statistically significant
correlation between age and changes in CS scores of subjects at
all spatial frequencies (1° session p<0.001, r=-0.399, -0.484, -0.484,
-0.386,and -0.395 at 1.5, 3,6, 12, and 18 cpd, respectively; 2" session
p<0.001, r=-0.424,-0.450,-0.495,-0.432,and -0.444 at 1.5, 3,6, 12, and
18 cpd, respectively).

Table 2 summarizes the results of the analysis of possible floor
and ceiling effects at each spatial frequency and for each group.
There was a prominent floor effect at the highest frequency (18 cpd)
in all groups. In healthy eyes, a floor effect, except in the second test,
only occurred at 18 cpd. However, in the glaucoma group, the floor
effect was greatest for the first two tests and decreased for the last
CS tests. There was no ceiling effect in the glaucoma or AMD groups

KARA S, ET AL.

Table 1. Test-retest reliability of the contrast sensitivity test in the
groups of control, glaucoma, cataract, and age-related macular dege-
neration groups

1tsession 2"dsession Intersession

Spatial
frequency (cpd) ICC COR ICC COR p-value ICC COR
Control
group
1.5 086 0.19 091 013 092 0.14
3 086 0.18 089 0.16 095 0.10
6 083 023 087 020 0042* 091 0.16
12 091 023 096 015 0043* 094 0.18
18 087 038 09 018 094 023
Mean 0.87 0.24 0.92 0.16 0.93 0.16
Glaucoma
group
1.5 092 014 083 022 096 0.10
3 080 024 092 015 095 011
6 085 022 094 014 0461° 086 020
12 095 020 097 011 0194° 096 015
18 098 0.18 098 0.8 098 0.19
Mean 0.90 0.20 0.93 0.16 0.94 0.15
Cataract
group
1.5 086 022 0838 017 094 0.14
3 084 023 094 014 096 0.10
6 086 025 093 018 0043** 096 0.14
12 056 056 085 037 0043* 081 034
18 070 067 092 033 096 022
Mean 0.76 0.38 0.90 0.24 0.93 0.19
AMD
group
1.5 072 017 088 014 093 0.09
3 074 019 084 0.16 091 0.10
6 062 023 080 023 0043** 083 0.13
12 083 018 090 020 0.141° 090 0.15
18 056 050 090 032 068 042
Mean 0.69 0.25 0.86 0.21 0.86 0.18

AMD= age-related macular degeneration; ICC= Intraclass correlation coefficient; COR= coeffi-
cient of repeatability; cpd= cycle per degree.

*= statistically significant p<0.05.

a= p-value of Wilcoxon signed-rank test for ICC of 1° and * sessions.

b= p-value of Wilcoxon signed-rank test for COR of 1**and 2™ sessions.

Contrast sensitivity
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: \
g 1.50 \ === Normal
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-

0.50 —m AMD

0.00 T T T T 1
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Spatial frequency (cpd)

Figure 3. Contrast sensitivity for the control, glaucoma, cataract, and age-related macular
degeneration (AMD) groups as a function of spatial frequency.
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Table 2. The floor and ceiling effect for each spatial frequency and group
(measured by the percentage of maximum and minimum CS scores in the
control (n=30), glaucoma (n=13), cataract (n=29), and AMD (n=18) groups)

Percentage with the Percentage with the
minimum CS score for maximum CS score for
each spatial frequency (%) each spatial frequency (%)

Test Group 1.5 3 6 12 18 15 3 6 12 18
1 Control 00 00 00 00 67 67 33 33 00 00
Glaucoma 00 00 00 77 461 00 00 00 00 00
Cataract 00 00 00 36 250 71 36 00 00 00

AMD 00 00 00 00 167 00 00 00 00 00

2 Control 00 00 00 67 100 100 67 100 33 00
Glaucoma 00 00 00 77 384 00 00 00 00 00
Cataract 00 00 00 00 286 36 71 107 00 00

AMD 00 00 00 56 222 00 00 00 00 00

3 Control 00 00 00 00 67 100 67 100 00 33
Glaucoma 00 00 00 00 307 00 00 00 00 00
Cataract 00 00 00 36 250 00 00 71 36 00

AMD 00 00 00 00 333 00 00 00 00 00

4 Control 00 00 00 00 100 67 67 67 00 33
Glaucoma 00 00 00 00 231 00 00 00 00 00
Cataract 00 00 00 71 321 00 00 00 00 00

AMD 00 00 00 56 222 00 00 00 00 00

AMD= age-related macular degeneration; CS= contrast sensitivity.

at any of the tested frequencies. In healthy and cataract eyes, a low
ceiling effect (3.3%-10%), with a slight decrease during the last two
tests, was detected.

DISCUSSION

This study showed that the FVA CS test has good reliability, as shown
by ICC and COR analysis. The CS test is useful for patients with good
visual acuity who have healthy eyes without glaucoma, cataracts, or
AMD. Although there are other commercially available CS tests using
letters, symbols, or sine-wave gratings, these tests are not clearly stan-
dardized for performing a common CS evaluation such as visual field
analyses®?. Sine-wave gratings permit sensitive testing of individual
visual channels and are part of spatial frequency for evaluating CS
function in vision science!'. The FACT chart also uses sine-wave gra-
tings, which have been chosen at given luminance and glare levels
for the ANSI by the United States Food and Drug Administration®.
Although the FACT chart is a modified version of the Vistech, it uses
smaller increments (0.15 log units) and subjects must choose from
three options. Previous CS studies with sine-wave gratings reported
insufficient scores for reliability analyses (ICC 0.28-0.64 and COR 0.26-
0.58)?. Despite having poor reliability with FACT wall charts, closed
systems using the standard FACT luminance and glare values were
reported to exactly match the ANSI standards, thereby providing
better reliability® ?”. Hohberger et al.*” reported average reliability
coefficients of 0.80-0.96 for each cpd with an OPTEC 6500 CS test.
Using the same device, Hong et al.®) reported ICC 0.85 and COR 0.20,
which are comparable to our results with the FVA closed system CS
test (intersession ICC 0.86-0.94 and COR 0.16-0.19).

Previous studies with FACT charts in closed systems omitted any
comparison with earlier and latter CS test scores that might have ex-
plained possible improvements in test reliability. We think that such
comparisons are important to establish a reliable clinical application
of the CS test. In this study, the mean ICCs of the closed system CS test
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were better at the second session (0.86-0.94) than the first session
(0.69-0.90) in all groups. Furthermore, the CORs improved at the
second session (first session 0.20-0.38; second session 0.16-0.24).
There may be a learning effect, which possibly arises from cognitive
abilities or getting familiar with the test procedure during the repea-
ted tests. It has been reported that using letter charts for CS tests
result in learning effects according to variable abilities to recognize
letters. The FACT charts that use sine-wave gratings eliminate these
problems®*". However, subjects high probability of correct guessing
with the FACT charts, so repetitive tests are needed to reduce this
effect®?V. Subjects' responses may become more reliable after learning
the FVA CS test procedure so it is important to conduct multiple CS
tests to obtain more reliable clinical results.

[t has been well documented that the spatial and temporal
types of CS decrease in people with glaucoma“*>*¥. Grating CS tests
are promising for the detection of early glaucoma and its progres-
siont?*, Klein et al”” suggested that spatial CS were a sensitive
indicator of early glaucomatous loss in the presence of cataracts.
Although visual acuity was good, the CS of the eyes with glaucoma
was significantly less than among healthy subjects except at 1.5 cpd
(p<0.012). This result was compatible with that previously reported
by Onal et al.”? using the FACT wall chart. The authors suggested that
the FACT chart was useful for early diagnosis of patients with glau-
coma, accompanied by a short-wavelength automated perimetry.
This may be associated with early degeneration in the magnocellular
ganglion cells, which are important for CS, in glaucoma®.

The CS of eyes with AMD was worse than among healthy subjects
at all frequencies (p<0.001), similar to previous studies®®. As there
are limited options for treatment of AMD, early detection of the disease
and prevention of progression are very important. Visual discomfort
in performing daily activities often occurs in patients with AMD even
though they have a BCVA of 0.00 logMAR on Snellen charts. This vi-
sion quality loss is seen in early AMD before any detectable retinal
changes occur®¥). CS reduction in AMD patients becomes more evi-
dent and uncomfortable under conditions of low illumination, which
provides a low contrast environment®,

It was reported previously that the closed system FACT chart had
a lower ceiling effect than the wall chart test, which might increase
its ability to detect small changes. In our study, no ceiling effect was
observed in eyes with glaucoma or AMD using the FVA closed system
CS test, and the ceiling effect was acceptable in healthy and cataract
eyes®. Even after a gap of at least one week between the first and
second CS tests, the ceiling effect in normal and cataract eyes tended
to decrease. These results suggest that the FACT chart in a closed
system has the potential to detect small decreases in high CS scores
in healthy, cataract, and AMD eyes and otherwise healthy eyes with
early stages of glaucoma. A more pronounced floor-effect emerged in
glaucoma and AMD eyes at higher frequencies, which may represent
the effects of early retinal or ganglion cell defects on the loss of CS.

It is critical to know if the patients are affected by glaucoma,
cataracts, or AMD in their daily lives when considering treatment
options.CS hasbecome moreimportantfor quality of life assessments,
which have been receiving increase attention in recent years® 3%,
CS is involved with differentiating low-contrast objects, such as hu-
man faces, and recognizing movement®49, Because of the close
relationship between CS and the ability to perform activities of daily
living, despite normal BCVA, CS testing is a useful clinical method to
assess how ocular disease affects what patients can do. The present
study found that FVA closed system CS evaluation provided reliable
results with an easy method and standardized luminance.

It should be noted that there are several limitations of this study.
The numbers of patients with eye disease and healthy controls were
small. Reliability was evaluated by only two sessions with CS test each,
so more sessions are required to strengthen the results. In addition,
the interval between sessions varied from one week to one month.



CS measures visual quality and can provide detailed information
by spatial frequency assessment. Thus, it can be used to detect early
subclinical findings or changes during treatment for visual-sys-
tem-related eye diseases. However, to differentiate healthy from
abnormal characteristics and to detect real disease progression, the
CS test must have strong clinical reliability. In this study, we found
good reliability of the FVA closed system CS test in all groups and
reliability improved during the second session. Therefore, to get more
reliable results, repeated measurements are needed. Although, there
was an acceptable floor-effect with the closed system test in patients
with glaucoma and AMD, we found no ceiling effect; consequently, the
view-in test has potential to detect fine changes at high frequencies.

In summary, to the best of our knowledge, this is the first study
reporting the repeatability of FACT test scores using a closed system
in patients with AMD and glaucoma. Hopefully, the reliability of this
FACT will encourage clinicians to incorporate contrast sensitivity
into their thorough evaluation of the early changes that accompany
glaucoma, cataract, and AMD.
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