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Purpose: To comprehensively evaluate visual function in eyes with geographic atrophy
(GA) as compared to normal eyes.

Patients and Methods: Sixty-three eyes from 63 patients >50 years old were recruited for
this observational study; 31 were identified as normal macular health eyes and 32 with GA.
Visual function was tested with best corrected visual acuity (BCVA), low luminance visual
acuity (LLVA), low luminance deficit (LLD), reading speed, macular integrity microperime-
try, fixation stability, and contrast sensitivity function (CSF). Anatomic function was eval-
uated with spectral-domain optical coherence tomography (SD-OCT) and fundus
autofluorescence (FAF). Quality of life and vision were assessed with the National Eye
Institute Visual Function Questionnaire-25 (NEI VFQ-25).

Results: Visual function and quality of life are reduced in patients with GA. Moderate and
strong correlations in the GA group were found between maximum reading speed (r = 0.787)
(p<0.01), CS spatial frequency 3 cpd (r = 0.441) (p<0.05), CS spatial frequency 6 cpd (r =
0.524) (p<0.01), fixation P1 (r = 0.379) (p<0.05), macular sensitivity (r = 0.484) (p<0.05)
and atrophic area (r = —0.689) (p<0.01), and the VFQ-25 composite score.

Conclusion: The decreased visual function is reflected in a poor quality of life in patients
with GA. Reading speed, contrast sensitivity, fixation, and macular sensitivity are strongly
associated with vision-related quality of life. The results suggest the importance of the
reading letter size in patients with GA. Microperimetry and reading speed are useful tools
to better assess visual impairment in patients with GA.

Keywords: geographic atrophy, age-related macular degeneration, reading speed, visual

function, quality of life

Introduction
Age-related Macular Degeneration (AMD) is considered the most frequent cause of
severe, irreversible central vision loss and is one of the leading causes of blindness
in developed countries."” More than 21 million people older than 60 years in the
world have AMD? and will increase in the coming years due to population aging.’
8.7% of the elderly population has AMD and is projected to largely increase by
2020 (196 million people) and reach 288 million by 2040.°

GA, the late-stage of AMD, is increasing exponentially with population aging®
and is becoming a larger public health problem.” GA is characterized by loss of the
retinal pigment epithelium (RPE) in the parafoveal area (pericentric macula).®®
With disease progression, atrophic areas grow and coalesce leading to foveal RPE
atrophy and moderate to severe vision loss.” Patients with foveal-sparing (FS) GA
may have good central vision but have many difficulties reading or recognizing
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faces due to parafoveal scotomata and because they cannot
fit into the non-atrophic foveal area.”'® The progression of
GA results in a deterioration of visual function and
a reduction in quality of life.

GA has anatomic and functional effects. In macular
diseases such as AMD with GA, it is critical to correlate
the anatomic findings with visual function.'"' Though
visual acuity has been used as the primary metric to assess
visual function, it has been demonstrated that it is inade-
quate to comprehensively assess visual impairment'® and
thus, underrepresents functional deficits.'> Other measures

13-16

such as the contrast sensitivity function (CSF), read-

16-19
d"

ing spee and low luminance visual acuity (LLVA),

have been introduced to predict future VA loss.”'”!?
Several studies have also demonstrated the importance of

%-11.20-23 1y easurement of extrafoveal fixa-
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microperimetry,
tion/preferred retinal locus (PRL),
lity in the assessment of retinal sensitivity and macular
function.”®

Though variable, the mean enlargement rate of GA

and fixation stabi-

from the largest clinical trials to date is approximately
2 mm? per year but there remains no currently approved,
efficacious treatment option.”” For this reason, it is very
important to continue to refine the tools for monitoring GA
progression. Multimodal imaging with fundus autofluores-
cence (FAF) and spectral-domain optical coherence tomo-
graphy (SD-OCT) have proven to be useful in monitoring
GA.>*3° The combination of multimodal imaging with
psychophysical tests and quality of life questionnaires
may allow for a more comprehensive evaluation of the
progression of GA.>'~*? Nonetheless, there is no consensus
on the anatomic and functional evaluation of GA that takes
into account the patient—reported outcome (PRO).

AMD can have a severe impact on the quality of life of
patients. It is sometimes associated with depression due to
the progressive loss of vision. In clinical practice, some
psychological aspects and daily life difficulties have been
neglected.®® There are very few studies centered on PRO
measures to assess the influence of visual impairment on
vision-related function and vision-related quality of life in
patients with advanced AMD.*** The 25-item National
Eye Institute Visual Function Questionnaire (NEI VFQ-
25) test is the most often used in clinical trials, and is
considered the gold standard to evaluate the impact of
vision loss on quality of life in patients with AMD.>>*3¢
Recently, the NEI VFQ-25 has been recognized as a valid
and reliable measure of the impact of GA on visual func-
tion and vision-related quality of life.** In addition to the

NEI VFQ-25 test, the functional reading Independence
(FRI) index is a new psychometric instrument for assess-
ment of functional reading developed specifically for GA
patients. The FRI Index score is correlated with GA lesion
size and VFQ-25 score.’” However, it does not measure
aspects of visual function and vision-related quality of life
as they are measured with VFQ-25 test.** The purpose of
this study was to analyze the association between the
different tests of visual function and the scores of the
NEI VFQ-25 in subjects with GA as compared to normal
controls to better elucidate the broad-ranging effects of
GA based on the PRO.

Methods

Ethics Statement

This study was approved by the Committee of the Sanitary
Research Institute La Fe. The research followed the tenets
of the Declaration of Helsinki. Written informed consent
was obtained from all individual participants included in
the study after explanation of the nature and possible
consequences of the study.

Study Population

Study subjects with GA and non-AMD controls were
identified from the population at the La Fe University
Hospital of Valencia. Inclusion criteria for participants
with GA were: age greater than or equal to 50 years with
the ability to provide consent to participate, Snellen Visual
Acuity of 20/200 (0.1 logMAR) or better, GA secondary to
AMD, and no prior or active choroidal neovascularization
(CNV). Exclusion criteria were: previous diagnosis of
inherited retinal disease/retinal or macular dystrophy, ret-
inal detachment, uveitis, glaucoma, non-glaucomatous
optic neuropathy, epiretinal membrane, diabetes mellitus,
or any other condition disease that, in the view of the
investigators, could confound the study results. Inclusion
criteria for control subjects were the same for age, but with
Snellen VA of 20/20 and no signs of AMD.

Clinical Tests and Image Analysis

All participants underwent the psychophysical tests of visual
function during the study visit. Best corrected visual acuity
(BCVA) and low luminance visual acuity (LLVA) were mea-
sured with the Early Treatment Diabetic Retinopathy Study
(ETDRS) chart illuminated with a negatoscope that provided
the standardized illumination of the optotypes (equipped
with two 20 watt daylight fluorescent bulbs) at 4 meters
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and at 1 meter only if unable to read at least 19 letters at 4
meters, in which case +0.75 diopter lens was added and the
test performed at 1 meter. Standard LLVA was measured
using a log 2.0 neutral density filter Kodak Wratten
(Kodak, Rochester, NY) that reduces the luminance 100
times. For each participant, standardized protocol refraction
was performed first followed by BCVA and then LLVA. Low
luminance deficit (LLD) was calculated as the difference (in
logMAR units) between the BCVA and LLVA. Near visual
acuity (NVA) was measured with the test SOSH Low Vision
Chart (Pennsylvania College of Optometry, Pennsylvania) at
40 centimeters in photopic conditions (111.45 + 5.83 cd/m?
Tektronix J17 LumaColor (Tektronix, Beaverton, Oregon,
U.S.A))), the reading add used was +2.50D. Contrast
Sensitivity Function (CSF) was tested in photopic conditions
(85 cd/m?) with the test presented in the screen of the Topcon
CC-100 (Topcon Espaiia S.A., Espaiia). The test is made up
of circular sheets on a grey background with sinusoidal
waves in 5 frequency levels and 8 contrast levels. The patient
should be able to distinguish the direction of the sinusoidal
waves and the answers were recorded as a curve; the CSF
curve of each patient was obtained. The measurement of
reading speed was done with the Radner Reading Test mea-
sured as logarithm of the reading acuity determination
(logRAD), formed of short sentence optotypes (14 words)
with standardized word length, word location, lexical and
syntactical difficulty. It was tested at 32 centimeters and
started with the larger letter size. Only the sentences read in
20 seconds at most were recorded as valid. In addition to the
reading speed, the critical point size (CPS) was calculated.
CPS is defined as the minimum character that one can read
with fast speed.

Macular integrity and fixation stability were evaluated
with the Macular Integrity Assessment (MAIA, CenterVue,
Padova, Italy). Ten degrees of visual field (space between
sampling points < 1 degree) were assessed with 4 fixed
sensitivity levels (0 dB, 5 dB, 15 dB, 25 dB). The fixation
stability was quantified by the value of P1 (circle of one
degree radius) and 95% bivariate contour ellipse area
(BCEA). Stable fixation was defined as P1 percentage with
greater than 75% of the fixation points inside the 2° diameter
circle. Relatively unstable fixation was defined as P1 percen-
tage with greater than 75% of the fixation points inside the 4°
diameter circle, and unstable fixation as less than 75% of the
fixation points inside the 4° diameter circle. The 95% BCEA
value, expressed as an ellipse area in square degrees, con-
tained 95% of the fixation points used by the patient through-
out the test.

Multimodal imaging with spectral-domain optical coher-
ence tomography (SD-OCT) and fundus autofluorescence
(FAF) were obtained using the Heidelberg Spectralis HRA-
OCT (Heidelberg Engineering, Heidelberg, Germany). GA
lesion size was calculated using high-resolution (1536 x 1536
pixels) FAF and 30 x 30 degree field of images centered on
the fovea. The GA areas were defined as areas of decreased
autofluorescence (hypo-autofluorescence) and were mea-
sured using the Spectralis software version 5. In patients
with multiple hypo-autofluorescent areas, all areas of more
than 0.5 mm? were summed.

Finally, all patients completed the NEI VFQ-25
Version 2000. This final version differs from the previous
version in that it includes an extra driving item from the
appendix of supplementary questions as a part of the base
set of items. In addition to the 25 questions, 6 more
questions related to near vision (A3, A4, A5) and distance
vision (A6, A7, A8) were added, making a total of 31
questions.

Statistical Analysis

Statistical analysis was performed using IBM SPSS soft-
ware version 24 (IBM-SPSS Inc, USA). Baseline demo-
graphic and clinical variables were summarized for each
group. The continuous variables were expressed as the
mean =+ standard deviation (SD), whereas the categorical
variables were expressed as the frequency and percentage.
The Mann—Whitney U-test was used to compare continu-
ous variables between both groups. Spearman rho (r) cor-
relation was used to assess the relationship between the
visual function tests and the NEI VFQ-25 scores.
Preliminary analysis showed the relationship to be mono-
tonic, as assessed by visual inspection of a scatter plot.
Preliminary analysis showed that both variables were not
normally distributed as assessed by Shapiro—Wilk test and
p-value < 0.05. The association between the visual func-
tion tests and questionnaire scores were explored by per-
forming a stepwise forward multiple regression analysis
with the visual function tests’ results as potential explana-
tory variables.

Results

A total of 63 eyes from 63 patients were included in the
analysis. There were 32 eyes with GA (13 men and 19
women) and 31 eyes with normal macular health (14 men
and 17 women). At baseline mean age was 78.53 = 8.11 years
for the GA group, and 65.42 + 7.86 years for the macular
health group. Demographics and study eye characteristics of
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the patients are shown in Table 1. The comparison of the
results of the visual function tests between groups are shown
in Table 2 and the NEI VFQ-25 scores in Table 3. Reading
speed and contrast sensitivity results are presented in Figures 1
and 2. FAF and microperimetry from one representative GA
patient is illustrated in Figure 3.

Tables 4, 5 and 6 show the correlation between the visual
function tests and the NEI VFQ-25 composite score, near and
distance activities score. Visual function tests of GA patients
such as maximum reading speed, CS, fixation, macular sen-
sitivity and atrophy area, correlated significantly with all NEI
VFQ-25 scores (Table 4). The highest positive correlation
was found between the maximum reading speed and the
composite score r = 0.787 (p<0.01), and the negative highest
correlation was between the atrophy area and the composite
score r=—0.689 (p<0.01). Table 5 shows the only correlation
found in the CG between NVA and distance activities score.
When all patients were analyzed together as a group, all

Table 1 Patient Baseline Demographics and Ocular
Characteristics
Characteristic Category | GA =32 CG=31 P value
Age (Years) Mean (SD) | 7853 65.42 + 0.00%*
8.11 7.86
95% ClI (75.61, (62.54,
81.46) 68.30)
Gender, n (%) Female 19 (59%) 17 (55%) 0.80
Male 13 (41%) 14 (45%)
Cataract surgery, Yes 18 (56%) 3 (10%) 0.00t
n (%)
No 14 (44%) 28 (90%)
GA, n (%) Unilateral 6 (19%) - -
Bilateral 26 (81%)
Atrophy location, Central 8 (25%) - -
n (%)
Non- 24 (75%) -
central
Atrophic area, Mean (SD) | 11.16 - -
(mm?) 11.07
95% ClI (6.79,15.54) | -
Race, n (%) White 32 (100%) 31 (100%) -
Others 0 0
Ethnicity, n (%) Hispanic 32 (100%) 31 (100%) -
Others 0 0

Notes: *p<0.01 (Mann-Whitney U-test). Tp<0.01 (Pearson Chi Square).
Abbreviations: GA, geographic atrophy; CG, control group.

visual function tests showed correlation except central sub-
field thickness (CST) and CPS; results are illustrated in Table
6. The highest correlation was found between the macular
sensitivity and distance activities score r = 0.827 (p < 0.01)
followed by composite score r = 0.818 (p < 0.01).

The visual function tests with most variation in the NEI
VFQ-25 composite score are maximum reading speed (R*
=0.468, p < 0.01) and atrophy area (R* = 0.639, p < 0.01).
In the near activities score, most variation was noted in the
maximum reading speed (R* = 0.478, p < 0.01) followed
by atrophy area (R? =0.594, p < 0.05). In the distance
activities score, the most variable were maximum reading
speed (R? = 0.335, p < 0.01), atrophy area (R* =0.527, p <
0.01), and macular sensitivity (R*> = 0.602, p < 0.05).
Results are illustrated in Table 7. Age was not included
as a factor in the analysis due to the fact that it did not
correlate with any of the variables.

Discussion

As the aging population continues to grow, geographic
atrophy, the advanced form of dry AMD, looms large as
a major cause of severe, central vision loss. Given the lack
of treatment options to prevent GA, it is especially impor-
tant to monitor closely for progression of GA and com-
prehensively evaluate visual function.”® The ultimate goal
will be early intervention once an effective treatment is
established. The consensus view on the combination of
different metrics such as visual acuity, contrast sensitivity,
reading speed, microperimetry, and psychometric ques-
tionnaires to assess visual impairment, has not been
elucidated.**>*3° Correlating visual function and multi-
modal imaging such as autofluorescence and SD-OCT is
critically important in the clinical management of patients
with dry AMD.®?!4%% We sought to comprehensively
evaluate visual function in GA versus normal controls to
better inform the evaluation of GA.

Visual Function Tests

Reductions in maximum reading rate, LLVA, and CS, and
worse LLD, are considered significant predictors of sub-
sequent vision loss. Furthermore, it has been suggested
that these visual function measures be monitored more
closely in patients with GA.'” As GA progresses, changes
become evident in several visual functions before dete-
rioration in BCVA occurs. We observed worse LLVA and
BCVA in GA as compared to normal controls (p<0.01)
(Table 2). The average LLD was a reduction of 6 lines in
patients with GA. LLVA and LLD are efficient measures to

submit your manuscript

1536

Dove

Clinical Ophthalmology 2020:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Burguera-Giménez et al

Table 2 Visual Testing

Characteristic Category GA =32 CG =31 P value

Visual acuity

NVA (logMAR) Mean (SD) 0.287 £ 0.243 0.006 + 0.024 0.000%
95% Cl (0.199, 0.375) (-0.003, 0.015)

BCVA (logMAR) Mean (SD) 0.265 + 0.220 —0.073 £ 0.080 0.000%
95% Cl (0.186, 0.344) (=0.102, —0.044)

LLVA (logMAR) Mean (SD) 0.839 + 0.270 0.291 + 0.127 0.000%
95% Cl (0.742, 0.937) (0.245, 0.337)

LLD (logMAR) Mean (SD) 0.574 £ 0.229 0.364 £ 0.100 0.000f
95% CI (0.492, 0.657) (0.401, 0.327)

Reading speed

Maximum Reading speed (wpm) Mean (SD) 99.328 + 57.806 193.806 + 46.622 0.000%
95% CI (78.487, 120.169) (176.705, 210.907)

CPS (logRAD) Mean (SD) 0.872 + 0.302 0.813 £ 0.293 0.214
95% Cl (0.763, 0.981) (0.705, 0.920)

Contrast sensitivity

CS spatial frequency 3 cpd (Log CS) Mean (SD) 1.715 + 0.576 2.262 £ 0.120 0.000%
95% Cl (1.507, 1.923) (2218, 2.306)

CS spatial frequency 6 cpd (Log CS) Mean (SD) 1.475 £ 0.645 2279 £ 0310 0.000%
95% Cl (1.241, 1.709) (2.165, 2.392)

Microperimetry

Pl (%) Mean (SD) 58.156 + 32.886 88.433 + 12.651 0.000f
95% Cl (46.299, 70.013) (83.709, 93.157)

95% BCEA(%) Mean (SD) 49.587 + 75.904 7.793 £+ 8.048 0.000t
95% Cl (21.244, 77.930) (4.788, 10.799)

Macular sensitivity (dB) Mean (SD) 7.520 + 6.189 24.045 + 2.074 0.000%
95% Cl (5.250, 9.790) (23.271, 24.820)

SD-OCT

CST (um) Mean (SD) 254.250 + 57.522 278.677 £ 19.156 0.063
95% Cl (233.511, 274.989) (271.651, 285.704)

FAF

Area atrophy (mm?) Mean (SD) 11.163 £ 11.068 - 0.000%
95% Cl (6.785, 15.542) -

Note: pr<0.0| (Mann-Whitney U-test).

Abbreviations: NVA, near visual acuity; BCVA, best corrected visual acuity; LLVA, low luminance visual acuity; LLD, low luminance deficit; CPS, critical point size; CS,
contrast sensitivity; BCEA, bivariate contour ellipse area; CST, central subfield thickness; SD-OCT, spectral-domain optical coherence tomography; FAF, autofluorescence;

GA geographic atrophy; CG, control group.

assess central cone-mediated function under conditions of
reduced luminance.** Deficits in LLVA are associated with
higher rates of GA lesion progression.*’

Patients with foveal-sparing GA may have scotomata
encircling the fovea or in the parafoveal area but with fovea-

involving GA, central scotomata may lead to eccentric fixation

and PRL. Even though VA is reduced and some magnification
is required, too much magnification will lead to some parts of
the words within the atrophic area.** We demonstrated the
drop-off of the reading rate with letter size for eyes with GA
compared to healthy eyes (p<0.01) (Figure 1 and Table 2). Poor

reading speed is a predictive marker of future deterioration in

Clinical Ophthalmology 2020:14

submit your manuscript

1537

Dove


http://www.dovepress.com
http://www.dovepress.com

Burguera-Giménez et al Dove
Table 3 NEI VFQ-25

Characteristic Category GA =32 CG =31 P value

Composite score Mean (SD) 46.674 + 16.343 89.616 + 3.191 0.000%
95% Cl (40.781, 52.566) (88.446, 90.787)

Near Activities score Mean (SD) 30.599 + 22.291 96.640 + 4.861 0.000%
95% Cl (22.562,38.636) (94.857, 98.423)

Distance Activities score Mean (SD) 38.151 +20.056 96.774 + 3.521 0.000"
95% CI (30.920, 45.382) (95.483, 98.066)

Driving Mean (SD) 23,611 + 8814 57.4047 + 8.028 0.001%
95% Cl (4.212, 43.011) (53.415, 61.400)

General vision Mean (SD) 50.000 +17.598 76.774 £7.478 0.000"
95% Cl (43.655, 56.345) (74.031,79.517)

Mental health Mean (SD) 39.063 + 25.548 87.903 +7.205 0.000%
95% Cl (29.851, 48.274) (87.903, 85.260)

Role difficulties Mean (SD) 25.391 +28.128 99.194 £ 4.490 0.0007
95% Cl (15.250, 35.532) (97.547, 100.841)

Dependency Mean (SD) 50.521 + 29.855 99.194 + 4.490 0.000t
95% Cl (39.757, 61.285) (97.547, 100.841)

General health Mean (SD) 34.375 + 19.828 76.613 + 18.184 0.004%
95% Cl (27.226, 41.524) (69.943, 83.283)

Social functioning Mean (SD) 61.328 +18.061 99.194 + 4.490 0.000%
95% Cl (54.816, 67.840) (97.547, 100.841)

Peripheral vision Mean (SD) 61.719 + 20.065 99.194 + 4.490 0.000%
95% Cl (54.485 + 20.065) (97.547, 100.841)

Color vision Mean (SD) (63.281 * 23.746) 99.194 + 4.490 0.000%
95% Cl (54.720,71.843) (97.547, 100.841)

Ocular pain Mean (SD) 49.219 £ 23318 94.355 + 7.799 0.000%
95% Cl (40.812,57.626) (91.494, 97.215)

Note: fp<0.01 (Mann-Whitney U-test).
Abbreviations: GA, geographic atrophy; CG, control Group.

BCVA in patients with GA.'”'? Interestingly, critical point size
(CPS) was similar in both groups - GA CPS=0.9 logRAD (20/
160) and CG CPS = 0.8 logRAD (20/125) (p=0.214). Similar
reading vision results (mean = 0.8 + 0.2 logRAD) were found
in patients with GA.*” The mean near visual acuity in GA was
0.29 + 0.02 logMAR or 20/40 measured at 40 cm, which was
better than the mean CPS of 20/160 measured at 32 cm. This
result highlights that patients with GA are able to read small
single letters but are more efficient reading with a larger size of
letter (CPS). However, it has been reported that patients with
GA can read newspaper print but they are unable to read large
1% Due to the
difficulties of the reading in patients with GA, there is a need to

letters because they do not fit in the spare area.

establish a recommended letter size. We demonstrated that the
CPS is the best letter size for optimal visual efficiency. Some

magnification is required but too much magnification causes
difficulty with reading. Our results demonstrated that a reading
letter size between 20/125 and 20/160 may be optimal for all
patients — healthy eyes as well as those with geographic atro-
phy regardless of area of involvement.

The CSF allows us to measure visual impairment in eyes
with GA."*'¢ Patients with good VA may have poor CS, and it
will be reflected in driving and reading difficulties, recognizing
faces, and in dim-lit conditions.>® This study demonstrated
a significant reduction of CS in patients with GA compared
to healthy eyes (p <0.01) (Table 2 and Figure 2). Both CS and
LLD are reliable measurements that detect abnormal visual
function and help to determine the risk of VA loss in GA

patients.' 7449
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Figure | Reading speed in patients with geographic atrophy (GA) and control group (CG) Maximum reading speed (0.9 logRAD for GA and 0.8 logRAD for CG)
corresponds to the critical point size (CPS). Error bars represent 95% confidence interval.
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Figure 2 Contrast sensitivity in patients with geographic atrophy (GA) and control
group (CG). Error bars represent 95% confidence interval.

The evaluation of macular function and retinal

%:11.20-23 the measurement of extrafoveal fixa-

sensitivity,
tion, PRL,>*%7 and fixation stability”® by microperimetry
are useful to simultaneously analyze anatomic and visual
function in patients with GA. Microperimetric assessment
of visual function has been significantly correlated to the

progression of GA lesion area over two years.”’ This study

illustrated a decrease of macular sensitivity and fixation
stability in eyes with GA as compared to healthy eyes
(p<0.01) (Table 2). Interestingly, a recent study demon-
strated that visual rehabilitation via microperimetry may
be effective in improving fixation stability, reading speed,
and visual acuity after one week of training, but no
improvement in retinal sensitivity was noted after
training.’® Some studies reveal detail on changes in retinal
sensitivity in the pathogenesis of GA. Regions of hyper-
autofluorescence, large drusen, and over pigment abnorm-
alities, have significantly lower sensitivity to light stimuli
FAF.>
autofluorescent regions outside the atrophic lesion repre-
49 We

observed loss of retinal function together with a decrease

compared with regions of normal Hyper-

sent areas of impaired photoreceptor function.

of retinal sensitivity in areas with atrophic lesions, repre-
sented as dark areas of hypo-autofluorescence in the FAF
(Figure 3).

Patient-Reported Outcome - NEI
VFQ-25

This study demonstrated a decrease on the composite score in
addition to a significant reduction in all subscales tested in the
GA group compared with the control group (p < 0.01) (Table
3). The composite score in the GA group was 46.7 (mean VA
letter score 71,20/40). Compared with NEI VFQ-25 composite
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Histogram of Threshold Frequencies

B this exam
B normal population

Pl=73%,P2=93%
v

Figure 3 Autofluorescence in a patient with geographic atrophy (GA) (left), Microperimetry (right), and Histogram of Macular sensitivity and Fixation stability (below) from
the same patient. There are dark areas of hypo-autofluorescence corresponding to GA on the left. On the right, the black points correspond to no sensitivity and the red
points correspond to decreased sensitivity on the macular sensitivity map. There is central fixation but relatively unstable fixation (below).

scores in other studies such as: The Los Angeles Latino Eye
Study 59.5 in late AMD (12 patients with GA, 17 patients with
neovascular AMD), 79.4 for patients with early AMD and 80.7
for those without AMD,?> MARINA 69.3 (53.5 letters 20/80)
and ANCHOR 69.9 (46.6 letters 20/125) in neovascular
AMD,*! and last and uniquely GA patients the Phase 2
MAHALO study 61.7 (48 letters, 20/125),>* the composite
score in our GA group was lower. Although our patients had
better VA, the rest of the visual function measures showed
worse results. They had better VA likely because 75% of the
patients had foveal-sparing GA in our study. The control group
composite score was 89.6 (20/16), which is comparable to
other studies.>>>

Associations Between Visual Function
Tests and NEI VFQ-25

In the GA group, moderate and strong correlations were found
between the NEI VFQ-25 composite score, near and distance
activities score with the atrophy area, maximum reading
speed, maximum CS, fixation, and macular sensitivity (Table
4). In a previous trial, significant correlations between visual
function tests and the vision-related quality of life test, vision
core measure (VCMI1), were identified in subjects with
acquired macular disease.” Recently, The Phase 2
MAHALO study reported correlations between NEI VFQ
composite score and near and distance activities score, max-
imum binocular reading speed, and FRI index score in patients
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Table 4 Association Between Visual Function Tests and NEI VFQ-25 in GA Patients

Max Reading Speed

0.787 (0.000)*

0.782 (0.000)"

Measure Composite Score Near Activities Score Distance Activities Score r (p-value)
r (p-value) r (p-value)
Visual acuity
NVA —0.275 (0.128) —0.121 (0.511) —0.169 (0.355)
BCVA —0.177 (0.332) —0.187 (0.305) —0.124 (0.499)
LLVA —0.340 (0.057) —0.343 (0.055) —0.281 (0.119)
LLD —0.248 (0.171) —0.275 (0.128) —0.254 (0.160)
Reading speed
CPS —0.051 (0.781) —0.132 (0.472) 0.023 (0.900)

0.660 (0.000)*

Contrast sensitivity function

CS spatial frequency 3
CS spatial frequency 6

0.441 (0.013)*
0.524 (0.002)"

0.370 (0.040)*
0.410 (0.022)*

0.292 (0.110)
0376 (0.037)*

Microperimetry

Fixation P1
Macular Sensitivity
95% BCEA

0.379 (0.032)*
0.484 (0.005)"
—0.329 (0.076)

0.430 (0.014)*
0.480 (0.005)"
—0.351 (0.57)

0.358%(0.045)*
0.544 (0.001)f
—0.332 (0.073)

Autofluorescence

Atrophy area —0.689 (0.000)"

—0.601 (0.000)"

-0.619 (0.000)"

SD-OCT

CsST —0.240 (0.202)

~0.178 (0.347)

~0.304 (0.102)

Notes: *p<0.05 (Spearman correlation); Tp<0.01 (Spearman correlation).

Abbreviations: GA, geographic atrophy; NVA, near visual acuity; BCVA, best corrected visual acuity; LLVA, low luminance visual acuity; LLD, low luminance deficit; CPS, critical
point size; CS, contrast sensitivity; BCEA, bivariate contour ellipse area; CST, central subfield thickness; Max, maximum; SD-OCT, spectral-domain optical coherence tomography.

with GA.** The highest correlation found was between the
composite score and reading speed. This study was focused
solely on GA and the most recent visual function tests used to
evaluate progression and visual impairment in patients with
GA: microperimetry, SD-OCT, FAF and the NEI VFQ-25, the
gold standard quality of life test for AMD patients. Our study
highlights expected deterioration in visual function with GA.
With a larger area of GA, there is a greater reduction in reading
speed, contrast sensitivity, macular sensitivity, and fixation
stability, resulting in a poor score in the NEI VFQ-25, despite
good central VA in many.

There were strong and moderate correlations in CG and
GA groups together, for NEI VFQ-25 composite score, near
and distance activities score with all visual function tests,
except for the CST and CPS (Table 6). There is a lack of
correlation between CST and the NEI VFQ-25 in both groups
likely due to fovea sparing of GA until very advanced and
due to generalized variability in CST. Surprisingly, there was
no correlation identified for CPS. Although the GA group

showed an important reduction in the reading speed measure-
ments compared with CG, both were able to read a similar
size of letter with maximum speed. Patients with GA may
have a large area of atrophy but they would have less diffi-
culty reading words if the words are of the CPS.

The results showed a strong relationship between the
different scores and atrophy area. Reading speed tests
results explained most of the variance in the NEI VFQ-25
composite score and near activities score, accounting for
more than 48% (p < 0.01) of the variance in each of these
scores (Table 7). Difficulties in reading tasks are the most
common complaints in patients with GA due to the critical
importance of reading in varied daily activities. In addition
to reading speed, macular sensitivity showed an important
relationship with composite and distance activities scores; if
we add macular sensitivity to the model, it would explain an
additional 4.8% of the variation (p < 0.05) in the composite
score and 8.3% of the variation (p < 0.05) in the distance
activities score. Similar to our results, differences between

Clinical Ophthalmology 2020:14

submit your manuscript 1541

Dove


http://www.dovepress.com
http://www.dovepress.com

Burguera-Giménez et al

Dove

Table 5 Association Between Visual Function Tests and NEI VFQ-25 in CG Patients

Measure Composite Score r (p-value) Near Activities Score r (p-value) Distance Activities Score
r (p-value)

Visual acuity

NVA —0.099 (0.595) —0.159 (0.394) —0.387 (0.031)*

BCVA —0.052 (0.781) —0.008 (0.966) —0.192 (0.300)

LLVA —0.165 (0.376) —0.128 (0.494) —0.285 (0.120)

LLD 0.167 (0.369) 0.155 (0.405) 0.208 (0.262)
Reading speed

CPS 0.199 (0.282) 0.129 (0.489) 0.163 (0.381)

Max Reading Speed 0.051 (0.787) —0.001 (0.998) 0.213 (0.251)
Contrast sensitivity function

CS spatial frequency 3 0.189 (0.309) 0.239 (0.194) 0.292 (0.111)

CS spatial frequency 6 0.062 (0.741) 0.125 (0.504) —0.170 (0.926)
Microperimetry

Fixation Pl —0.110 (0.564) —0.250 (0.182) —0.301 (0.106)

Macular Sensitivity 0.057 (0.763) —0.102 (0.592) 0.075 (0.692)

95% BCEA 0.105 (0.580) 0.263 (0.161) 0.300 (0.108)
SD-OCT

CST 0.203 (0.273) —0.060 (0.749) —0.271 (0.140)

Note: *p<0.05 (Spearman correlation).

Abbreviations: CG, control group; NVA, nbar visual acuity; BCVA, best corrected visual acuity; LLVA, low luminance visual acuity; LLD, low luminance deficit; CPS, critical
point size; CS, contrast sensitivity; BCEA, bivariate contour ellipse area; CST, central subfield thickness; Max, maximum; SD-OCT, spectral-domain optical coherence

tomography.

self-reported visual performance and reading speed have
been reported previously.*® The results showed that reading
speed cannot be assumed to be the attribute on which
readers base their perceived reading performance. In con-
trast to the study by Hazel et al, CS results did not reach
significance in our regression analysis in the near activities
score. This may be due to less specific reading questions in
the NEI VFQ-25 than those used in the VCMI. In our
study, there were 6 questions about reading whereas the
VCMI has 15 reading questions. The results of the CSF
were not significant in the regression analysis; however we
have demonstrated a strong correlation between the CSF
and near activities in the GA group (Table 4). In the
regression analysis, when the different variables were
included progressively, the variability percentage did not
increase with the inclusion of the CSF in the regression
model likely because the other variables had a greater effect
on the VFQ-25 than CS. Most of the clinical tests correlated
highly with NEI VFQ-25 scores, but reading speed and
atrophy area explained the majority of the variation in the
GA patient-reported outcome.

Our study has several limitations. There was a notable
difference in age between groups, as healthy patients who
met the requirements and completed all tests, were younger
than patients with GA. This was an observational study that
did not prospectively and longitudinally evaluate the pro-
gressive decrease in the visual function. Longitudinal stu-
dies should be considered with all the metrics highlighted in
this study to deeply assess the impact of GA progression on
visual function. Some parameters differed from the defini-
tion used by the Age Related Eye Disease Study (AREDS)
for GA. The current study did not divide GA into central
and non-central atrophy groups. Another limitation of our
study was the small cohort of patients; a larger cohort would
allow us to obtain more robust results and divide GA into
different groups based on FAF patterns. Despite these lim-
itations, to the best of the authors’ knowledge, this is the
first study to integrate the anatomic evaluation by OCT and
FAF with the exhaustive functional evaluation including
VA, LLVA, reading speed, CSF, macular microperimetry
and quality of life questionnaire, in eyes with GA and
normal, healthy eyes.
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Table 6 Association Between Visual Function Tests and NEI VFQ-25 in CG and GA Patients

Measure Composite Score r (p-value) Near Activities Score r (p-value) Distance Activities Score
r (p-value)
Visual acuity
NVA —0.755 (0.000)" —0.730 (0.000)" —0.749 (0.000)"
BCVA —0.738 (0.000)" —0.783 (0.000)" —0.752 (0.000)"
LLVA —0.792 (0.000)" —0.789 (0.000)" —0.796 (0.000)"
LLD —0.768 (0.000)" —0.780 (0.000)" —0.770 (0.000)"

Reading speed

CPS
Max Reading Speed

—0.072 (0.577)
0.763 (0.000)"

—0.136 (0.288)
0.750 (0.000)*

—0.103 (0.423)
0.758 (0.000)*

Contrast sensitivity function

CS spatial frequency 3
CS spatial frequency 6

0.675 (0.000)"
0.655 (0.000)"

0.660 (0.000)"
0.632 (0.000)"

0.664 (0.000)"
0.620 (0.000)*

Microperimetry

Fixation PI

Macular Sensitivity

0.485 (0.000)"
0.818 (0.000)*

0.479 (0.000)"
0.809 (0.000)"

0.461 (0.000)"
0.827 (0.000)*

95% BCEA —0.453 (0.000)" —0.429 (0.001)* —0.420 (0.001)*
SD-OCT
CST —0.188 (0.147) 0.190 (0.143) —0.156 (0.231)

Note: fp<0.01 (Spearman correlation).
Abbreviations: CG, control group; GA, geographic atrophy; NVA, near visual acuity; BCVA, best corrected visual acuity; LLVA, low luminance visual acuity; LLD, low
luminance deficit; CPS, critical point size; CS, contrast sensitivity; BCEA, bivariate contour ellipse area; CST, central subfield thickness; Max, maximum; SD-OCT, spectral-
domain optical coherence tomography.

Table 7 Multiple Regression Analysis in GA Group

Variable y Variable x R R? R? Change F Change | Sig. F Change
Composite Score Max reading speed | 0.697 0.468 0.484 27.368 0.000"
NEI VFQ-25 Atrophy Area 0.814 0.639 0.177 14.702 0.0017
Macular sensitivity | 0.843 0.678 0.048 4439 0.045*
Near activities score Max reading speed | 0.704 0.478 0.495 28.449 0.000%
Atrophy Area 0.788 0.594 0.126 9.271 0.005%
Distance activities score | Max reading speed | 0.597 0.335 0.357 16.088 0.000"
Atrophy Area 0.747 0.527 0.202 12.776 0.001F
Macular sensitivity | 0.801 0.602 0.083 6.270 0.019*

Notes: *p<0.05; Tp<0.01; Composite Score NEI VFQ-25, near and distance activities scores are the dependent (y) variables, visual function tests are the independent (x)
variables. Only significant relationships are shown.
Abbreviations: Max, maximum; GA, geographic atrophy.

Conclusions

In conclusion, advanced AMD with GA causes a dramatic
decrease of visual function and quality of life as a result of
disease progression. The psychometric evidence supports

that reading speed and macular microperimetry, in addition

to the use of quality of life questionnaires, are useful mea-

sures in the evaluation and management of visual impairment

in patients with GA. The typical evaluation with visual acuity

testing and multimodal imaging may be inadequate to com-

prehensively evaluate the impact of GA on visual function.
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